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Beschrelbung 



ni» PHinHuna hetrifft Alkenvloxygruppen aufweisende Siloxancopolymere sowie ein Verfahren zu deren 
Her "Sun^Sr^n beSrdteS^^^^^^^ die Verwendung der Alkenyloxygruppen aufweiseoden S..oxan- 

slnd Organopo^sLaS bek^^^^^^^^^^ ie MoleKUl mindestens eine Si-gebundene vinyloxyfunkfonelle Grup- 
pe der Formel 



10 H2C = CH-0-e- 
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^ . ^ • Aiu i^«.«ot !c* nrfflr einen Alkvlenrest bedeutet, der mindestens durch ein zweiwerti- 

fen verwendet. Alkenyloxygruppen aufweisende Siloxancopolymere bereitzustellen. die in 

Es bestand "^'^ ^^^^^^^^^^ ;;bei das Verfahren es erlaubt. an einem Siliziumatom mehr 

einen^ e.nfachen Verfahren ZT^^ bestand die Aufgabe Alkenyloxygruppen aufweisende 

Gegenstand der Erfindung sind 
Alkenyloxygruppen aufweisende Siloxancopolymere enthaltend 
(a) Siloxaneinheiten der Formel 

R^Si(0R^)b0 4-(a+b) 
2 

wobei R gleiche oder verschiedene. gegebenfalls halogenierte Kohlenwasserstoffreste mit 1 bis 18 

R?'LTefcroTervJrsSene Alkylreste mit 1 bis 4 Kohlenstoffatom(en) je Rest, die durch ein 
Ethersauerstoffatom substituiert sein konnen. bedeutet. 
a 0. 1. 2 Oder 3, 
b 0, 1 . 2 Oder 3 

und die Summe a + b nicht groBer als 3 ist. 
(b) je Molekul mindestens eine Siloxaneinheit der Formel 



so 



wobei R die oben dafur angegebene Bedeutung Iiat. 
c 0. 1 Oder 2 ist. 
55 Q einen Rest der Formel 

- CH2CHR2CHR20Y(OCR2 = CR2CH3)x-i 
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bedeutet, 

wobei gleich oder verschieden ist. ein Wasserstoffatom Oder einen Methylrest bedeutet, 

Y einen dreiwertigen, vierwertigen. funfwertigen Oder sechswertigen Kohienwasserstoffrest mit 2 
bis 20 Kohlenstoffatomen je Rest bedeutet. 
der durch Gruppen der Formel 



- OH 

- OR^ (wobei R^ einen Alkylrest mit 1 bis 6 Kohlenstoffatom(en) je Rest bedeutet) 

- OSiRs (wobei R* einen Methyl-. Ethyl-, Isopropyl-. tert.-Butyl- oder Phenylrest bedeutet) 



(wobei R^ die oben dafur angegebene Bedeutung hat) oder 
- X (wobei X ein Halogenatom bedeutet) substituiert sein kann, 
Oder durch mindestens ein Sauerstoffatom. Schwefelatom oder eine Carbonylgruppe unterbro- 
Chen sein kann, oder einen dreiwertigen Rest der Formel 

aP, bP=0 Oder sSiR5 

bedeutet. wobei R^ einen einwertigen Kohienwasserstoffrest mit 1 bis 8 Kohlenstoffatom(en) je 
Rest bedeutet. 

Oder ein vierwertiges Element, wie 



bedeutet und 
X 3, 4, 5 Oder 6 Ist. 
und gegebenenfalls 

(c) je Molekul mindestens eine Einheit ausgewahit aus der Gruppe von Einheiten der Formel 



ocr3 




i- 



oder 




°4-(c-Kl)«cSi-Q^-SiRc04-(c+l) (III) , 
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2 



iiR_0 



10 



c'^4-(C+l) 



Si^c°4-(c+l) 



13 2 
° 4-(c-H)^ C^^-^ -^^^c° 4-(c-H) (V) , 

2 li 



'i^C°4-(c+l)^ 



wobei R und c die oben dafOr angegebene Bedeutung haben. 
20 einen Rest der Formel 



35 



30 



(OCR^=CR^CH3)j^_2 
-CHg CHR^ CHR^O-i-OCHR^ CHR^ CHj - 



Q2 einen Rest der Formel 



(0CR^=CR^CH3) j^_3 



-CH.CHR^CHR^O-i-OCHR^CHR^CHj- und 



3S icHR^CHR^CHj- 



Q3 einen Rest der Formel 



40 



(OCR^=Cr2cH3)j^.4 



-CH CHR^CHR^O-i-OCHR^CHR^CH - (X-4>0) 
2 



50 



(AcHR^CHR^CHj-) 2 • 
den Siloxancopolymere. dadurch gekennzeichnet. daS 

eine mthTa/s zweTa.iphatische Doppeibindungen aufweisende organische Verbindung (1) der allgemeinen 
Formel 
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Y(OCHR2CR2 = CH2)x . 

wobei R^, Y und x die oben dafur angegebene Bedeutung haben. 

mit einem Organopolysiloxan (2) mit mindestens einem Si-gebundenen Wasserstoffatom je Molekul in 
5 Gegenwart von einem die Aniagerung von Si-gebundenem Wasserstoff an eine aliphatische Doppelbindung 
fordernden Katalysator (3) umgesetzt wird. wobei das eingesetzte Verhaltnis von aliphatische Doppelbin- 
dung in organischer Verbindung (1) zu Si-gebundenem Wasserstoff im Organopolysiloxan (2) ein solches 
ist. da(3 Alkenylgruppen aufwelsende Siloxancopolymere mit durchschnlttlich mehr als zwel Alkenylgruppen 
A der Forme! 

10 

-OCHR2CR2 = CH2 , 

wobei die oben dafur angegebene Bedeutung hat, erhalten werden und dann 
in einer 2. Stufe 

75 die Doppelbindung in den Alkenylgruppen A zu dem dem Ethersauerstoffatom benachbarten Kohlenstoff- 
atom umgelagert wird durch Erhttzen des in der 1. Stufe gewonnenen Alkenylgruppen aufweisenden 
Siloxancopolymeren in Gegenwart eines eine solche Umiagerung der Doppelbindung fordernden Katalysa- 
tors (4). wobei Alkenyloxygruppen aufwelsende Siloxancopolymere mit durchschnittlich mehr als zwei 
Alkehyloxygruppen B der Formel 

20 

-OCR2 = CR2CH3 , 

wobei R2 die oben dafur angegebene Bedeutung hat, erhalten werden. 

Vorzugsweise ist x 3 oder 4 und Y ein dreiwertiger oder vierwertiger Rest. 
25 Die erfindungsgemSBen Alkenyloxygruppen aufweisenden Organopolysiloxane besitzen vorzugsweise 

eine Viskositat von 5 bis S^IO^ mPa-s ber 25*C, bevorzugt 50 bis 50 000 mPa*s bei 25*C. 

Beispiele fUr Reste R sind Alkylreste. wie der Methyl-, Ethyl-, n- Propyl-, iso-Propyl-. 1-n-Butyl-, 2-n- 

Butyl-, iso-Butyl-, tert.-Butyl-, n-Pentyl-, iso-Pentyl-, neo-Pentyl, tert.-Pentylrest, Hexylreste, wie der n- 

Hexylrest, Heptylreste. wie der n-Heptylrest, Octylreste. wie der n-Octylrest und iso-Octylreste, wie der 
30 2,2,4-Trimethylpentylrest. Nonyireste, wie der n-Nonylrest, Decylreste, wie der n-Decylrest, Dodecylreste, 

wie der n-Dodecylrest, Octadecylreste, wie der n-Octadecylrest; Cycloalkylreste, wie Cyclopentyl-, Cyclo- 

hexyl-. Cycloheptylreste und Methylcyclohexylreste; Arylreste. wie der Phenyl-, Naphthyl-, Anthryl- und 

Phenanthrylrest; Alkarylreste, wie o-. m-, p-Tolylreste, Xylylreste und Ethylphenylreste; und Aralkylreste, wie 

der Benzylrest. der a- und der /S-Phenylethylrest. Bevorzugt ist der Methylrest. 
35 Beispiele fur halogenierte Reste R sind Halogenalkylreste, wie der 3,3,3-Trifluor-n-propylrest. der 

2,2,2,2*.2'.2'-Hexafluorisopropylrest, der Heptafluorisopropylrest. und Halogenarylreste. wie der o-, m-. und 

p-Chlorphenylrest. 

Beispiele fur Alkylreste sind der Methyl-, Ethyl-, n-Propyl-, iso-Propyl-, 1-n-Butyl-. 2-n-Butyl-, iso- 
Butyl-, und tert.-Butylrest. Bevorzugt sind der Methyl- und Ethyjrest. Beisp.iele fur Alkylreste R\ die durch 
40 ein Ethersauerstoffatom substituiert sind, sind der Methoxyethylen- und Ethoxyethylenrest. 
Bevorzugt ist der Rest R^ ein Wasserstoffatom. 

Beispiele fOr Alkylreste R^ sind der Methyl-, Ethyl-, n- Propyl-, iso-Propyl-, 1-n-Butyl-, 2-n-Butyl-, iso- 
Butyl-. tert.-Butyl-, n-Pentyl-, iso-Pentyl-. neo-Pentyl, tert.-Pentylrest und Hexylreste, wie der n-Hexylrest. 

Beispiele fUr Reste R^ sind Alkylreste. wie der Methyl-, Ethyl-, n-Propyl-, iso-Propyl-, 1-n-Butyl-. 2-n- 
45 Butyl-, iso-Butyl-, tert.-Butyl-, n-Pentyl-. iso-Pentyl-, neo-Pentyl, tert.-Pentylrest. Hexylreste, wie der n- 
Hexylrest. Heptylreste. wie der n-Heptylrest, Octylreste. wie der n-Octylrest und iso-Octylreste, wie der 
2,2.4-Trimethylpentylrest, Alkenylreste. wie der Vinyl- und der Allylrest; Cycloalkylreste, wie Cyclopentyl-, 
Cyclohexyl-. Cycloheptylreste und Methylcyclohexylreste: Arylreste, wie der Phenylrest; Alkarylreste. wie o-. 
m-, p-Tolylreste. Xylylreste und Ethylphenylreste; und Aralkylreste, wie der Benzylrest. der a- und der /3- 
50 PhenyJethylrest. 

Bevorzugt als Alkenyloxygruppen aufwelsende Siloxancopolymere sind solche, die 

(a) Siloxaneinheiten der Formel 

R2SiO (!•) 

55 

(b) je Motekul mindestens zwei Siloxaneinheiten der Formel 
QR2SiOi/2 (ir) und 
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(c) je Molekul mindestens eine Einheit der Formel 

CaRaSiQ'SiRzOia (I"'). 

wobei R. Q und Q' die oben dafOr angegebene Bedeutung haben, enthalten. w h n„ /1^ Hi« 

Beispiele fur mehr als zwei aliphatische Doppelbindungen aufwe.sende organ.sche Verb.ndung (1). die 
in der 1. Stufe des erfindungsgemSBen Verfahrens eingesetzt wird, sind solche der Formel 

10 OCH2CH=CH2 

CH2=CHCH20-iH-CH2-OCH2CH=CH2 

'® CH2-OCH2CH=CH2 

CH3-i-CH2-OCH2CH=CH2 
iH2-OCH2CH=CH2 



as CH2-OCH2CH=CH2 

CH3-CH2-i-CH2-OCH2CH=CH2 



30 



SO 



iH2-OCH2CH=CH2 



CH2-OCH2CH=CH2 
HO-CH2-i-CH2-OCH2CH=CH2 
iH2-OCH2CH=CH2 

CH2-OCH2CH=CH2 

CH,-C-0-CH--i-CH -OCH CH=CH 
3 I, 2 2 ^ 

° <bH2-OCH2CH=CH2 



CH2-OCH2CH=CH2 



CH-=CHCH 0-CH2-<!:-CH2-OCH2CH=CH2 



(l::-l2-OCH2CH=CH2 



ss (CHz = CHCHzOhCHCHiOCHzCH = CHaja 

(CH2 = CHCH20)2CHCH2CH(OCH2CH = CHzh 
CH3C(OCH2CH = CH2)3 
C(OCH2CH = CH2)4 



6 




EP 0 439 777 B1 



(CHa = CHCH2 0)CH2[CH(OCH2CH = CH2)]3CH2(OCH2CH = CH2) 
(CH2 = CHCH2 0)CH2[CH(OCH2CH = CH2)]4CH2(OCH2CH = CH2) 
Si(OCH2CH = CH2)4 
Si[OCH(CH3)CH = CH2]4 
5 P(OCH2CH = CH2)3 . 
0 = P(OCH2CH = CH2)3 



10 (R« O-CH2 -)4- kC(-CH2 -OCH2 CH = CH2 )k 

(R^ bedeutet Wasserstoff Oder einen Rest der Formel 



— -und k 1st durchschnittlich 2,5 bis 3,5. bevorzugt 2,9), ' 

20 wobei die letztgenannte Verbindung ein bevorzugtes Beispiel ist. 
Beispiele fUr den Rest Y sind daher solche der Formel 



und 



75 
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-CH2-C-C..2 



-<[:H-CH^-i:H- 



i- 



-CH2-<!:H-J:H-i:H-CH2- 

-CH2-iH-iH-<!:H-iH-CH2- 

-f 

■P und aP = 0 . 

Verfahren zur Herstellung von organische Verbindung (1) sind in BPS 46 731 (verSffentlicht 3. Oktober 
1984. F. Lohse et al.. Ciba-Geigy AG) beschrieben. Die Verbindung der Forme! 

(HOCH2)4-kC(CH20CH2CH = CH2)k 

wobei k 2.9 ist, ist beispielsweise bei der Fa. Shell AG kSuflich erwerblich und wird ate Pentaerythrittriallyle- 
ther vertrieben. Die Verbindung der Formel 

( CH3 COCH2 ) 4 -kC ( CH20CH2CH=CH2 ) k - 

wobei k durchschnittlich 2,5 bis 3.5. bevorzugt 2.9 ist. wird durch UmseUung der vorstehend genannten 
Verbindunq mit Acetanhydrid Oder Isopropenylacetat gewonnen. .,.,„^,„» ,o\ mit 

Vorzugsweise werden in der 1. Stufe des erfindungsgemaflen Verfahrens als Organopolys.loxane (2) m.t 
mindestens einem Si-gebundenen Wasserstoffatom seiche der allgemeinen Formel 
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H R^SiO 



4-(e+f ) 



(VI) , 



2 



wobei R die oben dafOr angegebene Bedeutung hat. 
e 0 Oder 1 , durchnittlich 0.005 bis 1 .0, 

f 0, 1. 2 Oder 3. durchschnittlich 1,0 bis 2.0 und die Summe e + f nicht groSer als 3 ist, 
bei dem erfindungsgemaBen Verfahren eingesetzt 

Bevorzugt werden als Organopolyslloxane (2) mit mindestens einem Si-gebundenen Wasserstoffatom 
solche der aligemeinen Forme) 

HdR3-.dSiO(SiR20)o(SiRHO)pSiR3.dHd (VII). 

wobei R die oben dafUr angegebene Bedeutung hat, 
d 0 Oder 1, 

o 0 Oder eine ganze Zahl von Ubis 1000 und 

p 0 Oder eine ganze Zahl von 1 bis 6 bedeutet, 
bei dem erfindungsgemaBen Verfahren eingesetzt. 

Besonders bevorzugt enthalten die bei dem erfindungsgemaBen Verfahren eingesetzten Organopotysi- 
loxane (2) durchschnittlich 2 bis 6 Si-gebundene Wasserstoffatom e. 

Die Organopolysiloxane (2) mit mindestens einem Si-gebundenen Wasserstoffatom je Molekul besitzen 
vorzugsweise eine Viskositat von 0,5 bis 20 000 mPa»s bei 25 'C, bevorzugt 5 bis 1000 mPa«s bei 25 'C. 

Beispiele fur Organopolysiloxane (2) sind Mischpolymerisate aus Dimethylhydrogensiloxan- und Dime- 
thyisiloxaneinheiten, Mischpolymerisate aus Dimethylhydrogensiloxan-. Dimethylsiloxan- und f^ethylhydro- 
gensiloxaneinheiten. Mischpolymerisate aus Trimethylsiloxan- und Methylhydrogensiloxaneinheiten. Misch- 
polymerisate aus Trimethylsiloxan-. Dimethylstloxan- und Methylhydrogensiloxaneinheiten, Mischpolymeri- 
sate aus Dimethylhydrogensiloxan-. Dimethylsiloxan- und Phenylmethylsiloxaneinheiten, Mischpolymerisate 
aus Dimethylhydrogensiloxan- und Methylsiloxaneinheiten und Mischpolymerisate aus Dimethylhydrogensi- 
loxan- und Phenylsiloxaneinheiten, Mischpolymerisate aus Methylhydrogensi(oxan-und DIphenylsiloxaneinr 
heiten, Mischpolymerisate aus Methylhydrogensiloxan-, Dimethylsiloxan- und Phenylsiloxaneinheiten und 
Mischpolymerisate aus Dimethylhydrogensiloxan-, Dimethylsiloxan- und Phenylsiloxaneinheiten. 

Verfahren zum Herstellen von Organopolysiloxanen mit mindestens einem Si-gebundenen Wasserstoff- 
atom je MolekUI. auch von solchen der bevorzugten Art, sind allgemein bekannt. 

Organische Verbindung (1) wird bei dem erfindungsgemaBen Verfahren in solchen Mengen eingesetzt, 
daB aliphatische Doppelbindung in organischer Verbindung (1) zu Si-gebundenem Wasserstoff in Organopo- 
lysiloxan (2) im Verhaltnis von vorzugsweise 1,5 : 1 bis 20 : 1 , bevorzugt 2 : 1 bis 10 : 1 , voriiegt. 
Organische Verbindung (1) kann mit"Organopolysiloxan (2) in Abhangigkeit ihrer Funktionalitat und ihres 
Molekulargewichtes annahernd beliebig in sehr weiten Grenzen kombiniert werden. Ein Verhaltnis C = C : 
SiH von groBer als 20 : 1 fuhrt aber ausschlieBlich zur Monohydrostlylierung der organischen Verbindung 
(1 ), was nicht bevorzugt ist. 

Als die Aniagerung von Si-gebundenem Wasserstoff an aliphatische Mehrfachbindung fdrdernde Kataly- 
satoren (3) konnen auch in der 1. Stufe des erfindungsgemaBen Verfahrens die gleichen Katalysatoren 
eingesetzt werden. die auch bisher zur F5rderung der Aniagerung von Si-gebundenen Wasserstoff an 
aliphatische Doppelbindung eingesetzt werden konnten. Bei den Katalysatoren (3) handelt es sich vorzugs- 
weise um ein Metall aus der Gruppe der Platinmetalle oder um eine Verbindung oder einen Komplex aus 
der Gruppe der platinmetalle. Beispiele fOr solche Katalysatoren sind metallisches und feinverteiltes Platin, 
das sich auf Tragern. wie Siliciumdioxyd, Aluminiumoxyd oder Aktivkohle befinden kann, Verbindungen 
Oder Komplexe von Platin. wie Platinhalogenide. z.B. PtCU. H2PtCl6*6H2 0, Na2PtCU*4H20, Platin-Olefin- 
Komplexe. Platin-Alkohol-Komplexe." Platin-Alkoholat-Komplexe. Platin-Ether-Komplexe, Platin-Aldehyd-Kom- 
plexe, Platin-Keton-Komplexe. einschlieBlich Umsetzungsprodukten aus H2PtC!6*6H20 und Cyclohexanon. 
Platin-Vinylsiloxankomplexe, wie Platin-1 ,3-Divinyl-1,1,3,3-tetramethyldisiloxankomplexe mit oder ohne Ge- 
halt an nachweisbarem anorganisch gebundenem Halogen. Bis-{gamma-picolin)-pIatindichlorid, Trimethylen- 
dipyridinplatindichlorid, Dicyclopentadienplatindichlorid, Dimethylsulfoxydethylenplatin-(ll)-dichlorid sowie 
Umsetzungsprodukte von Piatintetrachlorid mit Olefin und primarem Amin oder sekundarem Amin oder 
primSrem und sekundarem Amin gemaB US-A 4 292 434, wie das Umsetzungsprodukt aus in 1-Octen 
gelostem Piatintetrachlorid mit sec.-Butylamin. oder Ammonium-Platinkomplexe gemSB EP-B 110 370. 
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r^o^r u^s ^^^^^^^^^ OrganopCvsiloxan (2, eingeseu. 

"""'^^^..^..^^.0. (Oder Hydrosny.ierungsreakt.on, in der ^J^^^f ""f ^^T,^;;;^ 

..nr^nnowPise beim Drucl< der umgebenden Atmosphare. also etwa bei 1020 hPa (abs.). 

"^"'t^derT Stufe des erfindungsgemaBen Verfahrens kfinnen inerte. organische Losungsmittel mitver^en- 
. . o^wohf d!e iSttverwendung von inerten. organischen Losungsmittel nicht bevorzugt .st. 

aUietS inrr'irgtnisr rungsm'itt^ sind Toluol. Xylol. Octanisomere. Buty.acetat. 1 .2-Dimethoxy- 

'^''C^Il? in ^rTsS dS'eS^ngsgemaaen Verfahrens hergestellten Alkenylgruppen aufweisenden 
SllorcotoVL^en wTd^?.^^^^^^^^ organische Verbindung (1) sowie gegebenenfalls 

-^Zr^rrsrrrS::^^:^S^^^^ ~ppen au^^lsendenen 

"Td^Ta'!'S:;:rsirn;^g^^^^^ - ooppelblndung in den .kenylgruppen A 

der Formel 
-0CHR2CR2 = CH2 

umgelagert zu dem dem Ethersauerstoffatom benachbarten Kohlenstoffatom in Gegenwart von diese 
Ooppelblndungsu^^^^^^^^^^^ ^^"-n die gleichen Katalysatoren (4) eingese« 

In der 2. Stufe des ,^ Umlagerung der Doppelbindung eingesetzt werden 

TT 'LTlle trK^t^^^^^^^^^ -^ShscJTs Oder feinverteil.es P.atin, Ruthenium. Rhodium 

konnten. Be.sp.ele "^^^^'y^.f"'^"/,!^^^ au, Tragern wie Aktivkohle befinden konnen. und 

und Palladium, wobe. s.ch d.ese Metalle jeweiis ain iragern erfindungsgemSBen 

Verbindung (1) und Organopolysiloxan (2) Wse«. ^, ^erwendet werden. doch sind 

Als t^Wsatoren (4, k«^^^^^^^ Doppe.bindungen mit diesen 

"S^J^'Z rnra'^r:AS"£^772 daetTund a Kesslln. org. Chem. 31. 2682 (1S66) 

zTSmlagerung der Doppelbindung zu dem dem Ethersauerstoffatom benachbarten Kohlenstoffatorn in 
Zur umiagemng aer y^w « erfindungsgemaBen Verfahrens gewonnene Alkenyl- 

den Alkenylgmppen A w.rd das aus d^r 1 SWe -^^^ ?^.\^,^;^t,i ^nd die Mischung erhitzt. Die 

gruppen aufweisende SHoxancopolymer m.t dem ^^^^^ ^.^ ^^.^ 

Umsetzung wird vorzugswe.se be. e.ner ^^^^'J^'^^L^'^l!^^^ ^q^O hPa (abs.). und vorzugsweise in 

"""'"JJ^fdl^lrrs^rdes erfindungsgemaBen Verfahrens die organische Verbindung (1) nicht destillativ 
liegt folgendes Isomerengemisch vor: 
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(CH3)3-0^ ^H3 -(CH3)3-0 Ji 

H CH3 



K >i 

H ft H C] 



CIS- trans- 
Das erfindungsgemaSe 2-Stufen-Verfahren lauft nach folgendem Reaktionsschema ab beispielhaft 
dargesteiit durch Einsatz von Pentaerythrittrialtyletheracetat als organische Verbindung (1) und einem a,ci»- 
Dihydrogendimethylpolyslloxan als Organopolysiloxan (2): 

Pt-Kat . 

CH3C02CH2C(CH20CH2CH=CH2) 3 + H (SiMe20) 5oSiMe2H : > 



(CH20CH2CH=CH2) 2 
CH3C02CH2CCH20(CH2) 3 (SiMe20) soSiMes (CH2) 3OCH2 T 

CH3C02CH2CCH20CH2CH=CH2 — > 
CH3C02CH2CCH20(CH2) 3 (SiMe20) 5oSiMe2 (CH2) 3OCH2 Kat . 

(<f:H20CH2CH=CH2) 2 



(CH20CH=CHCH3) 2 
CH3C02CH2<^CH20(CH2) 3 (SiMe20) 5oSiMe2 (CH2) 3OCH2 
35 CH3C02CH2CCH20CH=CHCH3 
CH3C02CH2CCH20(CH2) 3 (SiMesO) goSiMes {CH2) 3OCH2 
(CH20CH=CHCH3) 2 

40 

Der Reaktionsabiauf und damit das erhaltene Endprodukt hSngt entscheidend von dem in der 1. Stufe 
eingesetzten Verhaltnis von C = C-Doppelbindung in organischer Verbindung (1) zu Si-gebundenem Was- 
serstoff in Organopolysiloxan (2) ab. Es werden je nach eingesetztem Verhaltnis C = C:SiH - wobei das 
Verhaltnis C = C:SiH Immer groBer als 1 sein muQ - Siioxancopolynnere erhalten. die am Kettenende und 
45 entlang der Kette freie Alkenylgruppen A der Fornr^el 

-OCHR2CR2 = CH2, wie -OCH2CH = CH2. 

aufv/eisen, wobei es zu Verzweigungen entlang der Kette kommen kann durch Weiterreaktlon der freien 
50 Alkenylgruppen entlang der Kette mit den Si-gebundenen Wasserstoffatomen des Organopolysiloxans (2). 
In der 2. Stufe wird dann die Doppeibindung in den freien Alkenylgruppen A umgelagert und es werden 
freie Alkenyloxygruppen B der Formel 



-0CR2 = CR2CH3 . wie -OCH = CHCH3 . 

erhalten. In der 1. Stufe werden in Gegenwart von den Platinkatalysatoren die Allyloxygruppen, 
-OCH2CH = CH2, bereits in einem geringen AusmaG (bis zu 15 Mol%) zu Propenyloxygruppen, 
-0CH = CHCH3, unngelagert. so dafl in der 2. Stufe sich ein Gleichgewicht zwischen Allyloxy- und 
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, S " * '^d.m=elb.n Be*«.,«s««B hln»r.i™««.e, *.«l«*Jt Da= .tndung^m^M VM=h- 

iodomumhexalluoroan^monat od J ^^^°°Jf J^' ^„ Alkenyloxygruppen aufweisenden Si.oxanco- 
Gegenstand der ^^'"'^""9 . RnhSten d^^^^ <1). (") und gegebenenfalls mindestens eine der 
^TZT:::7ofZ'm T^^^^^^ Lher der Forme. (.•). ("•) und (..r). in 

„ ^:TucTJ:^^Ve Z^^^^ auf'erundlage von vorstehand genannten Sitoxancopolyme- 

^ ^rfinHunn^nemafien AJkenyloxygruppen aufweisenden Siloxancopolynwe _ 

•--d.c:°S=Ut-e^ 

ist. Das Ultraviolettlicht kann z.B. in ><«"°"-- '^^"^^ WelleniSnge von 400 

.0 drucklampen erzeugt werden. Veme^ung^^^^^^^^^^^ Aikenyloxygruppen aufwei- 

srrcoXriannrS^^^^^^^ ae Jc.Ue« werden. wenn ^eisO^i- 

D^e'TSn^Wm^ratT^^^^^^^^^^ :r::ngsgsn,SBen /.Kenyloxygruppen a^eisenden Siloxancopo- 

pen aSend'eJ Siioxanco^iymeren zur Herstel.ung f ^en cS^^^^^^^^ ^6nnen. 

Beispiele fOr Obe...chen au, weU:he ^^-jJ^J^^^^^^^^ 
sind dieienigen von Pap.er. Note. n Metallen. Pappen, einschlieBlich solcher aus 

30 keramischen GegenstSnden. Glas, "^^^^^ synthetischen organischen Fasern. 

Asbest. und von ^ewebte- und unge^^^^^^^^ ,.,e zu 

Das Auttragen der erf-ndungsgemaBen Alkenyioxyg PP OberzOgen aus flOssigen Stoffen 

Uberzlehenden Oberf.achen kann m ^^'-^'S^^' J^^**'^^^^^^^^ Tauchen. Streichen. GieBen. 

= re:tt:«vorHc.tung. Messer- oder Rake.be- 



35 



40 



45 



schichtung, 
Beispiel 1: 



Dimethylsiloxaneinheiten. Siloxaneinheiten der Forme! 



50 



55 



OCH=CHCH3 
(CH3CH=CHO) 2CHtHO(CH2) 3Si03/2 
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und BrUckeneinheiten der Formel 

CH3CH=CH0 0CH=CHCH3 
5 0(CH3) 2Si(CH2) 30CHCHO(CH2) 3Si(CH3) 2O , 

wobei bel den 1-Propenyloxygruppen. CH3CH = CH0-. gemSfl dem \H-NMR-Spektrum das VerhSltnis von 
cis-lsomer zu trans-lsomer 70 : 30 betrSgt. Das 1 -Propenyloxygruppen aufweisende Siloxancopolymer 
10 besitzt ein Aquivaientgewicht von ca. 1300 g pro Mol C = C-Doppelbindung. 

Beispiel 2: 



114,4 g Trimethylolpropanallylether (hergestellt gemSfi EP-B 46 731 ) mit einer Jodzahl (= Zahl. die 
75 angibt, wieviel g Jod von 100 g Substanz gebunden werden) von 266 werden mit 3^ mg Platin in Form 
einer Losung von Platintetrachlorid in 1-Octen vermischt und die Miscliung wird auf 105*C erwarmt. Zu 
dieser Mischung werden unter Stickstoffatmosphare und RQhren bei 105*C 273 g eines a.oi-Dihydrogendi- 
methyfpolysiloxans, das 0,6 g Sl-gebundenen Wasserstoff enthalt, zugetropft. Nach ca. 4 Stunden Ruhren 
bei 105'C sind 99 % der Si-gebuhdenen Wasserstbffatome des a,<d-DihydrogendimethyIp6lysiloxans 
20 umgesetzt Bei 120*C und 10"^ hPa werden dann alle flGchtigen Bestandteile destillativ entfernt. Zu dem 
Umsetzungprodukt werden dann bei 130*C und 1020 hPa (abs.) unter Stickstoffatmosphare 200 Gew.-ppm 
RuHC!(Ph3p)a zugesetzt und die Miscliung 8 Stunden lang bei 130'C geruhrt. Es werden 315 g eines 
klaren. fast farblosen Ols mit einer Viskositat von 380 mm^«s~^ bei 25 *C eriialten. Das so gewonnene 1- 
Propenyloxygruppen aufweisende Siloxancopolymer besitzt ein Aquivaientgewicht von ca. 900 g pro Mol 
25 C ~ C-Doppelbindung. 



Beispiel 3: 



48 g Pentaerythrittriallyiether mit einer Jodzahl von 281 (kauflich erwerblich bei der Fa. Shell) werden 
30 mit 2.2 mg Platin in Form einer Losung von Platintetrachlorid in 1-Octen vermischt und die Mischung wird 
auf 105»C erwSrmt. Zu dieser Mischung werden unter Stickstoffatmosphare und ROhren bet 105*C 435 g 
eines a,<j-Dihydrogendimethylpolystloxans, das 0.046 Gew.-% Si-gebundenen Wasserstoff enthSIt, zuge- 
tropft. Nach ca. 8 Stunden ROhren bei 1 05 •C "sind 98 % der Si-gebundenen Wasserstoffatome des a.o)- 
Dihydrogendimethylpolysiloxans umgesetzt. Bei 120*C und 10~^ hPa werden dann alle fluchtigen Bestand- 
35 telle destillativ entfernt. Nach dem Filtrieren werden zu dem Umsetzungprodukt dann bei 1 30 * C und 1 020 
hPa (abs.) unter Stickstoffatmosphare 76 mg RuHCI(Ph3P)3 zugesetzt und die Mischung 8 Stunden lang bei 
130*C geruhrt. Es wird ein 1 -Propenyloxygruppen aufweisendes Siloxancopolymer erhalten. das eine 
Viskositat von 1190 mm^-s"" ' hat, das eine 1-Propenyloxygruppe pro 32 Siliziumatome besitzt und ein 
/Aquivaientgewicht von ca. 2400 g pro Mol C = C-Doppelbindung aufweist. Das Verhaltnis von cis-lsomer zu 
40 trans-lsomer betrSgt bei den 1 -Propenyloxygruppen oxygruppen 70 : 30. Folgende Daten werden aus dem 
'H-NMR-Spektrum erhalten: 



'H-NMR-Spektrum (CDCI3): 


trans-lsomer: (30 Mol-%) 
cis-lsomer: (70 Mol-%) 


5 = 4,78 ppm (1H. CH3-CH = ), 6.22 ppm (1H, =CH-0-). 

6 = 4.37 ppm (1H, CH3-CH = ). 5.95 ppm (1H, =CH-0-). 



Beispiel 4: 

Zu 100 g des in Beispiel 3 hergestellten Siloxancopolymeren werden 2 g einer 50 %-igen Losung von 
Bis-(dodecylphenyl)jodonium-hexafluoroantimonat. das gemaS US^A 4 279 717 hergestellt wurde, in Propy- 
lencarbonat zugegeben. Die Mischung wird mit einem Glasstab auf mit Polyethylen beschichtetes Papier in 
einer Dicke von 3 u aufgetragen. In einem Abstand von 10 cm zum beschichteten Substrat sind zwei 
Quecksilbermitteldrucklampen mit einer Leistung von 80 Watt/cm Leuchtlange angebracht. Nach weniger 
als zwei Sekunden UV-Belichtung wird ein klebfreier Oberzug erhalten. der Klebstoff abweisend gegenuber 
mit Acrylatkleber beschichtete Papieretiketten ist. 
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p:;rnSScI;: tCgende Vertragsstaaten : AT. BE. CH. DE. FR. GB. IT. U. NU SE 



1. Alkenyioxygruppen aufweisende Siloxancopolymere enthaltend 
5 (a) Siloxaneinheiten der Formel 



75 



20 



30 



40 



50 



55 



R^Si(0R^)b0 4,(a+b) 
2 

wobei R gleiche oder verschiedene. gegebenfalls halogenierte Kohlenwasserstoffreste mil 1 bis 18 

HetrSTltis^^^^^^^ A,Ky.reste mit 1 bis 4 Koh.ens«(en) je Rest die durch ein 
Ethersauerstoffatom substituiert sein k5nnen. bedeutet. 
a 0, 1 , 2 Oder 3. 
b 0, 1 . 2 Oder 3 

und die Summe a + b nicht groGer als 3 ist. 

(b) je Molekul mindestens eine Slloxaneinheit der Formel 

Q^cSi^4-(c4.1) ^^^^ 



wobei R die oben dafur angegebene Bedeutung hat, 
c 0, 1 Oder 2 ist. 

Q einen Rest der Formel 

-CH2CHR2CHR20Y{OCR2 = CR2CH3)x-i 

w ^ «,nh«i 02 nieich Oder verschieden ist. ein Wasserstoffatom Oder einen Methylrest bedeutet 
ernen" ^ tUnfwenigen Oder sechswertigen Koh.enwasserstoffrest m.t 

2 bis 20 Kohlenstoffatomen je Rest bedeutet. 
der durcfi Gruppen der Formel 

0R3 (wobei R3 einen All^lrest mit 1 bis 6 l<ohlenstoffatom(en) je Rest bedeirtet) 

- SsiRr (^bei R* einen 1«ethyl-. Ethyl-. Isopropyl-. tert-Butyl-. oder Phenylrest 

bedeuten) 

OCB? 
W 
O 

(wobei R3 die oben dafur angegebene Bedeutung hat) oder 

- X (wobei X ein Halogenatom bedeutet) 

^r'SircVm^nSens ein Sauersto«aton,. Schwetelatom oder eine Carbonylgruppe 
unterbrochen sein kann. 
Oder einen dreiwertigen Rest der Formel 

= O Oder sSiR^ 

bedeutet, wobei einen einwertigen Kohlenwasserstoffrest mit 1 bis 8 Kohlenstoffatom(en) 

je Rest bedeutet. 

Oder ein vierwertiges Element, wie 
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-i-, -ii- Oder -'ti- 

I I I 



bedeutet und 
X 3. 4. 5 Oder 6 ist. 
und gegebenenfalls 

10 (c) je MolekOI mindestens eine Einheit ausgewahit aus der Gruppe von Einheiten der Formel 



'4-(c+l)^cSi-Q -SiRc04-(c-H) (III), 



75 



20 



25 



30 



35 



40 



SO 



55 



i 



s^Va-Cc+i) 



I3 2 

2 ii: 



'i^c^4-(c+l)^ 



wobei R und c die oben dafur angegebene Bedeutung haben. 
einen Rest der Formel 



(OCR^=CR^CH3)^.2 
-CH2CHR^CHR^O-l-OCHR^CHR^CH2- 



45 einen Rest der Formel 



(OCR^=CR^CH3)^.3 



-CH2CHR CHR O 



Q3 einen Rest der Formel 



^CHR^O-l-OCHR^CHR^CH^- und 



CHR^'CHR CH2- 



15 
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{OCR^'=CR^CH3)jj_4 



-CH2CHR2cHR^O-i-OCHR2cHR2cH2- (x-4>0) 



(icHR^CHR^CH2-) 2' 



JO 



wobei Y und x die oben dafOr angegebene Bedeutung haben. bedeutet. 



15 enthalten. 



20 



30 



3. AlKenvloxygruppeo aufweisende Si.oxancopo.y.ere naC AnsprocH 1 Oder 2. dadurch geKennze.chnet. 

daS sle enthalten 

(a) Siloxaneinheiten der Formel 

RzSiO (V) 

(b) je MolekUl mindestens zwei Siloxaneinheiten der Formel 
QR2SiOi/2 

(c) le MolekUl mindestens eine Einheit der Formel 

0,«R2SiQ^SiR20i/2 ("H • 
wobei R gieicbe Oder verschiedene. gegebenenfalls ha.ogenierte Kohlenwassersto«reste mH 1 bis 18 
Kohlenstoffatom(en) je Rest. 
Q einen Rest der Formel 

.CH2CHR2CHR20Y(OCR2 = CR2CH3)x-i 
einen Rest der Formel 

40 (0CR^=CR^CH3) 

-CH^CHR^CHR^O-i-OCHR^CHR^CH^- 

bedeutet. wobei gleich oder verschieden ist. ein Wasserstoffatom Oder ein Methylrest bedeutet. 

Ltn^fef:^^^^^^^^^^^ ^Untwertigen Oder sechswertigen Koh.enwasserstotfrest mit 

2 bis 20 Kohlenstoffatomen je Rest bedeutet, 
der durch Gruppen der Formel 



X 



bedeutet) 



55 
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0CR3 
II 
O 



(wobei die oben dafCir angegebene Bedeutung hat) Oder 
- X (wobei X ein Halogenatom bedeutet) 
substituiert sein kann 

Oder durch mindestens ein Sauerstoffatom, Schwefelatom Oder eine Carbonylgruppe 
unterbrochen sein kann> 
Oder einen dreiwertigen Rest der Formel 

sP. hP = o Oder sSiR* 

bedeutet, wobei R^ einen einwertigen KohJenwasserstoffrest mit 1 bis 8 Kohlenstoffatom(en) 
je Rest bedeutet, 

Oder ein vierwertiges- Element, wie - * 



Verfahren zur Herstellung der Alkenyloxygruppen aufweisenden Siloxancopolymere nach einem der 
Anspruclie 1 bis 3, dadurch gekennzeiclinet. daB in einer 1 . Stufe eine mehr als zwei atiphatische 
Doppelbindungen aufweisende organische Verbindung (1 ) der allgemeinen Formel 

Y{OCHR2CR2 = CH2)x . 

wobei R^ gleich oder verschreden ist. ein Wasserstoffatom Oder einen Methylrest bedeutet, 
X 3. 4, 5 Oder 6 ist und 

Y einen dreiwertigen, vierwertigen, fOnfwertigen Oder sechswerligen Kohlenwasserstoffrest mit 2 
bis 20 Kohlenstoffatomen je Rest bedeutet, 
der durch Gruppen der Formel 

- OH 

- 0R3 (wobei R^ einen Alkytrest mit 1 bis 6 Kohlenstoffatom(en) je Rest bedeutet) 

- OSiRj (wobei R* einen Methyl-, Ethyl-. Isopropyl-, tert.-Butyl- Oder Phenylrest bedeutet) 



(wobei R3 die oben dafUr angegebene Bedeutung hat) Oder 
- X (wobei X ein Halogenatom bedeutet) 
substituiert sein kann 

Oder durch mindestens ein Sauerstoffatom, Schwefelatom oder eine Carbonylgruppe 
unterbrochen sein kann. 
Oder einen dreiwertigen Rest der Formet 

=P, =P = Ooder«SiR5 




Oder 




bedeutet. 



ocr3 



II 
O 



bedeutet. wobei R^ einen einwertigen Kohlenwasserstoffrest mit 1 bis 8 kohlenstoffatom(en) je 
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Rest bedeutet, 

Oder ein vierwertiges Element, wie 



-i-, -Ix- Oder -ii- 
1 1 » 



erScTesTs?. r E^SCSS^^^^^ Si^oxancopcy it durchs« meHr a,s zwei 

Alkenylgruppen A der Formel 

.OCHR2CR2 = CH2 . 

wobei die oben dafOr angegebene Bedeutung hat. erhalten wetden und dann 
• n H?.n? in den Alkenvtaruppen A zu dem dem Ethersauerstoffatom benachbarten Kohlen- 

als zwei Alkenyloxygruppen B der Formel 
-OCR2 = CR2CH3 , 

wobei R^ die oben dafOr angegebene Bedeutung hat. erhalten werden. 
5. Verfahren nach Anspruch 4. dadurch gekennzeichnet. daB als organische Verbindupg (D so.che der 
Formel 

(R*0CH2)4-kC(CH2 0CH2CH = CH2)k, 

wobei R'^ Wasserstoff Oder einen Rest der Formel 

O 
II 

CH3C- 

bedeutet und k durchschnittlich 2.5 bis 3,5 ist, vewendet wird. 

6 verfahren nach Anspruch 4. dadurch gekennzeichnet. daB als Organopolysiloxan (2) mit mindestens 
Sm li-gebundenen Wasse-^offatom je MolekUl solches der allgeme.nen Formel 

H<,R3- dSiO(SiR2 0)„(SiRHO)pSiR3-dHd (VII). 

wobei R gleiche oder verschiedene. gegebenenfalls halogenierte Kohlenwasserstoffreste mit 1 bis 18 

Kohlenstoffatom(en) je Rest, 
d 0 Oder 1 . 

o 0 Oder eine ganze Zahl von 1 bis 1000 und 
p 0 Oder eine ganze Zahl von 1 bis 6 bedeutet. 
verwendet wird. 
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7. Verwendung der Alkenyloxygruppen aufweisenden Siloxancopolymere nach Anspruch 1. 2 Oder 3 in 
durch Licht vernetzbare Zusammensetzungen auf Grundlage von vorstehend genannten Organopolysi- 
loxanen. 

5 8. Verwendung der Alkenyloxygruppen aufweisenden Siloxancopolymere nach Anspruch 1, 2 Oder 3 zur 
Herstellung von durch Licht vernetzbare UberzUge. 

PatentansprUche fur folgenden Vertragsstaat : ES 

70 1. Verfahren zur Herstellung von Alkenyloxygruppen aufweisenden Siloxancopolymeren, dadurch gekenn- 
zeichnet. da0 in einer 1 Stufe eine mehr als zwei aliphatische Doppelbindungen aufweisende organi- 
sche Verbindung (1) der allgemeinen Forme! 

Y(OCHR2CR2 = CH2)x . 

15 

wobei gleich Oder verschieden ist. ein Wasserstoffatom oder einen Methylrest bedeutet. 
x 3, 4, 5 Oder 6 ist und 

Y einen dreiwertigen, vten/vertigen, funfwertigen Oder sechswertigen Kohlenwasserstoffrest mit 2 

bis 20 Kohlenstoffatomen je Rest bedeutet. - - ^ 

20 der durch Gruppen der Formel 

- OH 

- OR3 (wobei R^ einen Alkylrest mit 1 bis 6 Kohlenstoffatom{en) je Rest bedeutet) 

- OSiRs (wobei R* einen Methyl-, Ethyl-, Isopropyl-, tert.-Butyl- Oder Phenylrest bedeutet) 

25 



0CR3 
il 
O 

30 

(wobei R^ die oben dafUr angegebene Bedeutung hat) oder 
- X (wobei X ein Halogenatom bedeutet) 
substitulert sein kann 

Oder durch mihdestens ein Sauerstoffatom, Schwefelatom oder eine Carbonylgruppe unterbro- 
35 Chen sein kann, 

Oder einen dreiwertigen Rest der Formel 



-P. =P = Coder aSiR^ 

40 bedeutet. wobei R^'einen einwertigen Kohlenwasserstoffrest mit 1 bis 8 Kohlenstoffatom(en) je 

Rest bedeutet, 

Oder ein vierwertiges Element, wie 



45 



-i-, -ii- Oder -"ti- 



50 bedeutet, 

mit einem Organopolysiloxan (2) mit mindestens einem Si-gebundenen Wasserstoffatom je Molekul in 
Gegenwart von einem die Aniagerung von Si-gebundenen Wasserstoff an aliphatische Doppelbindung 
fordernden Katalysator (3) umgesetzt wird, wobei das eingesetzte Verhaltnis von aliphatische Doppelb- 
indung in organischer Verbindung (1) zu Si-gebundenem Wasserstoff im Organopolysiloxan (2) ein 

55 solches ist. daB Alkenylgruppen aufweisende Siloxancopolymere mit durchschnittllch mehr als zwet 

Atkenylgruppen A der Formel 

-OCHR2CR2 = CH2 , . ' 
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wobei R= die oben dafOr angegebene Bedeutung hat. erhalten werden und dann 
s stoffatom umgelagert wird durch Erhiteen des j'^'^/ J °\ ^ . Ooppelbindung fSrdernden 

als zwei Alkenyloxygruppen B der Formel 
10 -OCR2 = CR2CH3 . 

wobei die oben dafUr angegebene Bedeutung hat. erhalten werden. 
2. Verfahren nach Anspruch 1. dadurch gekennzeichnet. daB als organische Verbindung (1) soiche der 

15 Formel 

(R^OCH2)4-kC(CH20CH2CH = CH2)k. 

wobei Wasserstoff oder einen Rest der Formel 



20 



O 

CH3C- 



30 



35 



bedeutet und k durchschnittlich 2,5 bis 3.5 ist. verwendet wird. 
^ Verfahren nach Anspruch 1. dadurch gekennzeichnet. daB als Organopolysiloxan (2) mit mindestens 

HdR3.dSiO(SiR20)o(SiRHO)pSiR3-dHd (V"). 

wobei R gleiche oder verschiedene. gegebenenfails halogenierte Kohlenwasserstoffreste mit 1 bis 18 
Kohlenstoffatom(en) je Rest, 
d 0 Oder 1 , 

o 0 Oder eine ganze Zahl von 1 bis 1000 und 
p 0 Oder eine ganze Zahl von 1 bis 6 bedeutet. 
verwendet wird. 

Organopolysiloxanen. 

5. Verwendung von A.keny.oxygruppen auN^eisenden «0P°'V— '^^P"^* ^ 

45 Oder 3 zur Herstellung von durch Ucht vernetzbaren UberzUgen. 

oZl tor the foHoWng Contracting States : AT. BE. CH. OE, FR. GB. .T. U. NU SE 

Siloxane copolymer which contains alkenyloxy groups and contains 
(a) siloxane units of the formula 

2 

i„ which R denotes identical or different optionally halogenated hydrocarbon radtcals having 1 to 18 



50 1. 



55 
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carbon atom(s) per radical, 

denotes identical or different alkyi radicals which have 1 to 4 carbon atom(s) per radical and can 
be substituted by an ether oxygen atom, 
a is 0, 1. 2 or 3. 
b is 0. 1 , 2 or 3 and 
the sum of a + b is not greater than 3, 
(b) at least one siloxane unit per molecule of the formula 

2 



in which R has the meaning given above for this radical, 
c is 0, 1 or 2 and 

Q denotes a radical of the formula 

- CH2CHR2CHR20Y(OCR2 = CR2GH3)x-i - - 

in which R^ is identical or different and denotes a hydrogen atom or a methyl radical, 

Y denotes a trivalent, tetravalent, pentavalent or hexavalent hydrocarbon radical which has 2 
to 20 carbon atoms per radical and can be substituted by groups of the formula 

- OH 

- 0R3 (in which R^ denotes an alkyl radical having 1 to 6 carbon atom(s) per radical), 

- OSiRs (in which R* denote a methyl, ethyl, isopropyl, tert.-butyl or phenyl radical). 



OCR^ 

II 
O 

(in which R^ has the meaning given above for this radical) or 
- X (in which X denotes a halogen atom), 
or can be interrupted by at least one oxygen atom or sulphur atonn or one carbonyl group, 
or denotes a trivalent radical of the formula 

BP, hP = 0 oraSiRS 

in which R^ denotes a monovalent hydrocarbon radical having 1 to 8 carbon atom(s) per 
radical, or denotes a tetravalent element, such as 



I I I 

-C- , -Si- or -Ti- 
I I I 



and 

X is 3, 4. 5 or 6. 
and optionally 
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(c) at least one unit per molecule selected from the group of units of the formula 
°4-(C^l)V^-f-^^''c°4-(C*l)_ 



2 

)_ (IV) , and 



S^^c° 4-(c-H) 



20 °4-(C+l)'^C 7 C '^-^'^•■^^ (V) 

'^^C°4-(C+1) 



in which R and c have the meaning given above for this radical and index. 
Q' denotes a radical of the formula 

{OCR^=CR^CH3) jj_2 



, CHR^ CHR^ 0-i -OCHR^ CHR^ CHj - 
CP denotes a radical of the formula 



(OCR^=CR^CH3)^_3 



-CH CHR^CHR^0-i-OCHR2cHR2cH2- and 



icHR^CHR^CHj- 



Q3 denotes a radical of the formula 



(OCR^-Cr2cH3) 



CHR^CHR^O-i-OCHR^CHR^CHj- (X-4>0) 
(icHR^CHR^CH2-)2' 



which Y and x have the meaning given above for these radicals and this index. 
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Siloxane copolymer containing alkenyloxy groups according to Claim 1 . characterized in that it contains 
siloxane units of the formula (I), at least one siloxane unit per molecule of the formula (II) and at least 
one unit per molecule selected from the group comprising units of the formula (III), (IV) and (V). 

Siloxane copolymer containing alkenyloxy groups according to Claim 1 or 2, characterized in that it 
contains 

(a) siloxane units of the formula 

R2SiO (I') 

(b) at least two siloxane units per molecule of the formula 
QR2SiOi/2 (ID 

and 

(c) at least one unit per molecule of the formula 
Oi,2R2SiQ^SiR20,/2 (III') 

in which R denotes identical or different, optionally halogenated hydrocarbon radicals having 1 to 18 
carbon atom(s) per radical, 

Q denotes a radical of the formula 

-CH2CHR2CHR20Y(OCR2 = CR2CH3)x-i 
denotes a radical of the formula 

(OCR^=CR^CH3)^^2 
^CH^CHR^CHR^O-i-OCHR^CHR^CH^- 

in which R^ is identical or different and denotes a hydrogen atom or a methyl radical. 
X is 3, 4. 5 or 6 and 

Y denotes a trivalent. tetravalent. pentavalent or hexavalent hydrocarbon radical which has 2 
to 20 carbon atoms per radical and can be substituted by groups of the formula 

- OH 

- OR3 (in which R^ denotes an alkyi radical having 1 to 6 carbon atom(s) per radical), 

- OSiRa (in which R* denotes a methyl, ethyl, isopropyl. tert.-butyl or phenyl radical). 



OCR^ 
II 
O 

(in which R^ has the meaning given above for this radical) or 
- X (in which X denotes a halogen atom), 
or can be interrupted by at least one oxygen atom or sulphur atom or one carbonyl group, 
or denotes a trivalent radical of the formula 

=P. BP = OorsSiR5 

in which R^ denotes a monovalent hydrocarbon radical having 1 to 8 carbon atom(s) per 
radical, or denotes a tetravalent element, such as 
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10 



15 



20 



25 



35 



40 



45 



50 



55 



-Si- or -Ti- 



aliphatic double bonds, of the general formula 
Y(OCHR2CR* = CH2)x 

in which is identical or different and denotes a hydrogen atom or a methyl radical, 

V lnois'a°Wvalent tetravalent. pentavalent or hexavalent hydrocarbon radical which has 2 to 
^ 20 cSon l;Lm: per Tadical and'can be substituted by groups of the formula 

■ OR3'rin which R3 denotes an alkyi radical having 1 to 6 carbon atom(s) per f«Jic^j- 
: Ssi4 (in whicf, R* denotes a methyl, ethyl, isoprcpyl. terl-butyl or phenyl rad.cal). 



OCR* 
II 
O 



(in which R3 has the meaning given above for this radical) or 

denotes a trivalent radical of the formula 

sp = 0 or =S\H^ 

in which denotes a monovalent hydrocarbon radical having 1 to 8 carbon atom(s) per 
radical, or denotes a tetravalent element, such as 



I I I- 

.C- , -Si- or -Ti- 



is reacted with an organopo.ysnoxane (3) having ^^tfTbSS^^^^^^^^^^^^ -'itatlc 

the presence of a catalyst (3) -h'-'^^.^^SiifdoSfo ^^^^ compound (1) to the Si- 

double bond, the ratio employed for *e a'w.ha*c ^^^f^'^J^, ^^^^^^ copolymers which 



.OCHR2CR2 = CHa 



,n which R^ has the meaning given above for ^^^^^^ ill SToxygen 

the double bond in the alkenyl groups A J^nV^^^^y'^^^^ in the 1st stage in the 

atom by heating the Se bond, siloxane copolymers which 

presence of a catalyst (4) wh.ch promotes a snm ,,kgny,oxy groups B of the formula 

contain alkenyloxy groups and have on average more than two alkenyloxy gr p 



-OCR2 = CR2CH3 
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in which has. the meaning given above for this radical, being obtained. 

5. Process according to Claim 4, characterized in that the organic compound (1) used is one of the 
formula 

(Rs OCH2 )4- kC(CH2 OCH2 CH = CH2 )k. 

in which R^ denotes hydrogen or a radical of the formula 

O 
II 

CH3C- 

and k is on average 2.5 to 3.5. 



6. Process according to Claim 4, characterized in that the organopolysiloxane (2) having at least one Si- 
bonded hydrogen atom per molecule which is used is one of the general formula 

HdR3-dSiO(SiR20)o(SiRHO)pSiR3-dHd _(VII) 

in which R denotes identical or different, optionally halogenated hydrocarbon radicals having 1 to 18 
carbon atom(s) per radical, d denotes 0 or 1. o denotes 0 or an integer from 1 to 1000 and p denotes 0 

or an integer from 1 to 6. 

25 7. Use of a siloxane copolymer containing alkenyloxy groups according to any of Claims 1, 2 or 3 in a 
composition which is based on one of the abovementtoned organo-polysiloxanes and can be crosslin- 
ked by means of light. 

8. Use of a siloxane copolymer containing alkenyloxy groups according to any of Claims 1 , 2 or 3 for the 
30 preparation of coverings which can be crosslinked by means of light. 

Claims tor the following Contracting State : ES 

1. Process for the preparation of the siloxane copolymer containing alkenyloxy groups characterized in 
35 that, in a first stage, an organic compound (1) containing more than two aliphatic double bonds, of the 
general formula 

Y{OCHR2CR2 = CH2)x 

40 in which R2 is identical or different and denotes a hydrogen atom or a methyl radical. 
X is 3, 4, 5 or 6 and 

Y denotes a trivalent, tetravalent. pentavalent or hexavalent hydrocarbon radical which has 2 to 
20 carbon atoms per radical and can be substituted by. groups of the formula 

- OH 

45 - OR3 (in which R^ denotes an alkyi radical having 1 to 6 carbon atom(s) per radical), 

- OSiRs (in which R* denotes a methyl, ethyl, isopropyl, tert.-butyl or phenyl radical). 



50 OCR^ 

It 
O 

. . " (in which R^ has the meaning given above for this radical) or 
55 - X (in which X denotes a halogen atom), 

or can be interrupted by at least one oxygen atom or sulphur atom or one carbonyl group, or 
denotes a trivalent radical of the formula 
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70 



aP. sP = 0 or "SiR^ 

in which denotes a monovalent hydrocarbon radical having 1 to 8 carbon atom(s) per 
radical, or denotes a tetravalent element, such as 

, -k- or -k- 
I I ' 

-OCHR2CR2 = CH2 - 

25 -OCR* = CR*CH3 

in which has the meaning given above for this radical, being obtained. 
2. Process according to Cairn 1. characterized in that the organic compound (1) used is one of the 
30 formula 



35 



(R6 0CH2)4-kC(CH20CH2CH = CHa)^. 

in which R« denotes hydrogen or a radical of the formula 



O 

11 

CHjC- 



45 



50 



55 



and k is on average 2,5 to 3.5. 

Process according to Claim 1. characterized in that the organopolysiloxane (2) having at least one Si- 
b^ndi hydrien'atom per molecule which is used is one of the general formula 

H^R3-dSiO(SiR20)o(SiRHO)pSiR3-dHd (VII) 
or an integer from 1 to 6. 

be crosslinked by means of light. 

Of a siloxane copolymer containing alkenyloxy groups which can be prepared according to Claim 
12 3 forr^reparation of coverings which can be crosslinked by means of l.ght. 
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Revendicattons 

Revendicattons pour les Etats contractants suivants : AT, BE, CH, DE, FR, GB, IT, LI, NL, SE 

1. Copolymdres de slloxane pr^sentant des groupes alc^nyloxy contenant : 
5 (a) des motifs siloxane ripondant k la formule : 



10 



(I) / 



dans laquelle R d^signe des radicaux hydrocarbures identiques ou diff^rents, le cas 6ch6ant 
IS halog^n^s, ayant 1^18 atomes de carbone par radical, 

designs des radicaux alkyle Identiques ou differents ayant de 1 ^ 4 atomes de carbone par 

radical, qui peuvent etre substitu^s par un atome d'oxygSne d*€ther, 

a est 0, 1 . 2 ou 3, 

b est 0, 1 , 2 ou 3. 
20 et la somme a + b n'est pas sup^rieure h 3, 

(b) par molecule, au moins un motif siloxane repondant a la formule : 



25 



dans laquelle R a la signification indiqu^e ci-dessus, 
30 c est 0, 1 ou 2, 

Q est un radical repondant h la formule : 

- CH2CHR2CHR20Y(OCR2 = CR2CH3)x-i 

35 dans laquelle tes symboles R^ sont identiques ou differents et destgnent un atome d'hydrogene ou^ 

un radical mdthyfe. 

Y designe un radical hydrocarbone trivalent. t^travalent. pentavalent ou hexavalent ayant de 2 k 20 
atomes de carbone par radical, 

qui peut etre substitue par des groupes repondant aux formules : 
40 - OH - " - — " • - 

- 0R3 (dans laquelle R^ designe un radical alkyle ayant 1^6 atomes de carbone par radical) 

- OStRa (dans laquelle R^ designe un radical m^thyle. 6thyle. isopropyle. tert-butyle ou ph^ny- 
le) 



0CR3 

50 

(dans laquelle R^ a la signification indiquee ci-dessus) ou 
- X (dans laqulle X designe un atome d'halogene) 
ou peut etre interrompu par au moins un atome d'oxygfene. un atome de soufre ou un groupe 
carbonyle, 

55 ou represente un radical trivalent repondant a la formule : 

bP, 8iP = 0 ou aSiR^ 
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dans laquelle designe un radical hydrocarbone monovalent ayant de 1 ^ 8 atomes de carbone 
par radical, ou repr^sente un ^I6ment t^travalent tel que 

l 1 ^ 

et 

X est 3, 4, 5 ou 6. 

(c)' pi^oS^au moins un motif choisi dans le groupe de motifs repondant aux formulas : 
04-(c-Hl)*'^c2^-'2^-2^^c°4-(c4^ (III) , 



'4-(c^l)^cS'-? -Si-%0 4-(c^l) 



■{TV) 



C^4-(C-(-l) 



2 SiR^O^_^^^j_) 



) (V) 

2 



dans lesquelles R et c ont les significations indiqu^es ci-dessus, 
O' designs un radical repondant St la formula : 

-CHj CHR^ CHR^ O -T-OCKR^ CHR^ CH ^ " 
Q2 d6signe un radical repondant h la formula : 

(OCR^=CR^CH3) j^_3 



-CH^CHR 



.^CHR^O-t-OCHR^CHR^CH^- et 
icHR^CHR^CH^- 
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CP designe un radical repondant ^ la formule : 



-CH^CHR^CHR^O-UoCKR^CHR^CH,- (x-4>0) 
(icHR^CKR^CH^-) 2' 



dans lesquelles R^, Y et x ont les significations indiquees ci-dessus. 

Copolynn^res de siloxane pr^sentant des groupes aic^nyloxy selon la revendicatlon 1, caract^ris^s en 
ce qu'ils contiennent des motifs siloxane repondant h la formuie (I), par molecule, au moins un motif 
siloxane repondant a la fomnule (II), et par molecule, au moins un motif choisi parmi les motifs 
repondant aux formules (III), (IV) et (V). 

Copolym^res de siloxane pr^sentant des groupes alc^nyloxy selon* la revendication 1 ou 2, caract§ris6s"" 
en ce quMIs contiennent 

(a) des motifs siloxane repondant h la formule : 

RzSiO (!•) 

(b) par molecule, au moins deux motifs siloxane repondant h la formule : 

QR2SiO,;2 (If) 

et 

(c) par molecule, au moins un motif repondant h la formule : 
Oi/2R2SiQiSiR2 0i« (lir). 

dans lesquelles les symboles R, identiques ou differents, representent des radicaux hydrocarbure 
eventuellement halogenes comprenant 1^18 atomes de carbone par radical, 
Q est un radical repondant k la formule 

-CH2 CHR2CHR20Y(OCR2 = CR^CHa)^- 1 

est un radical riSpondant i la formule 

(OCR^=CR^CH3)^^2 
.-CH^CHR^CHR^O-Y-OCHR^CHR^CH^- 

les symboles R^, identiques ou differents, repr^sentant un atome d'hydrog^ne ou un radical m^thyle, 
x est 3, 4, 5 ou 6 et 

Y d6signe un radical hydrocarbon^ trivalent, tetravalent, pentavalent ou hexavafent ayant de 2 ^ 20 
atomes de carbone par radical , 

qui peut etre substitud par des groupes repondant aux formules : 

- OH 

- OR^ (dans laquelle R^ designe un radical alkyle ayant l h 6 atomes de carbone par radical) 

- OSiRj (dans laquelle R* designe un radical m^thyle. ethyle.isopropyle. tert-butyle ou phenyle) 
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0CR3 
W 
O 

(dans laquelle a la signification indiquee ci-dessus) ou 
. y fdans laaulte X disigne un atome d'halogfene) 
ou SrsKterrompu par au moins un atome d'oxygene. un atome de soufre ou un groupe 

carbonyle. 

ou repr^sente un radical trivalent r^pondant a la formule . 
ap, aP = 0 ou sSiRS 

dans laquelle designs un radical hydrocarbon^ monovalent ayant de 1 ^ 8 atomes de carbone 
par radical, ou represente un element tetravalent tel que 

-i-, -ii- ou -Ti- 
l I 1 

Precede de preparation des copolymeres de siloxane pr^sentant des groupes alcenyloxy selon Tune 
des revendications 1 h 3. caracterise en ce que 

TfarrL^Hn coSi^ organique (1) pr^sentant deux doubles liaisons aliphatipues r.pondant . 

la formule generale : 

Y(OCHR2CR2 = CH2)x . 

dans laquelle les symboles sont identiques ou differents et d6signent un atome d'hydrogSne ou un 
radical m^thyle, 

Y?es1gn';'un"radiL. hydrocarbone trivalent. titravalent. pentavalent ou hexavalent ayant de 2 a 20 

atomes de carbone par radical , 

qui peut §tre substitu^ par des groupes ripondant aux fonmules : 

' Sr3 (dans laquelle R3 d^signe un radical alkyle ayant 1 k 6 atomes de carbone par radical) 

- OSiRj^SnsCelle R* designe un radical m^thyle. ^thyle.isopropyle. tert-butyle ou phenyle) 

o 

(dans laquelle R^ a la signification indiquee ci-dessus) ou 

- X (dans laaulle X designe un atome d'halogfene) 

ou STs^S interrompu par au moins un atome d'oxygfene. un atome de soufre ou un groupe 

carbonyle. 

ou represente un radical trivalent repondant h la formule : 
sP, =p = O ou aSiR^ 

dans laquelle R^ designe un radical hydrocarbone monovalent ayant de 1 a 8 atomes de carbone par 
radical, ou represente un element tetravalent tel que 
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ou 



avec un polyorganosiloxane (2) ayant au moins un atome d'hydrogfene lie au Si par molecule, en 
presence d'un catalyseur (3) favorisant la fixation d'hydrog^ne \i6 au SI sur una double liaison 
aliphatique, le rapport utilise de la double liaison allphatique pr^sente dans le compost organique (1) h 
I'hydrogene li^ au Si dans le polyorganosiloxane (2) ^tant tel que )*on obtienne des copolym^res de 
siloxane presentant des groupes alc^nyle ayant en moyenne plus de deux groupes alcenyle A 
repondant k la fornnule : 

-OCHR2CR2 = CH2 . 

dans laquelle a la signification indiqu^e ci-dessus, puis 
dans une seconde §tape : 

on transpose ia double liaison des groupes alcenyle A sur Tatome de carbone voisin de i'atome 
d'oxyg^ne de rather par chauffage du copolym^re de siloxane presentant des groupes alcenyle obtenu 
dans la premldre~6tape. en presence d'un catalyseuer (4) favoliisant une tefle transposition de la double 
liaison, pour obtenir des copolynr^eres de siloxane presentant des groupes alcenyloxy ayant en 
moyenne plus de deux groupes alcenyloxy B repondant k la formule 

-OCR2 = CR2CH3 . 

R^ ayant la signification indiqu^e ci-dessus. 

Precede selon la revendication 4, caracterise en ce qu'on utilise, comme compost organique (1). un 
compost de formule 

(R^ OCH2 U- kC(CH2 OCH2 CH = CH2 )k. 

dans laquelle R^ represente un atome d'hydrogene ou un radical de formule 



et k est en moyenne 2,5 ^ 3.5. 

Precede selon la revendication 4, caracteris^ en ce qu'on utilise comme polyorganosiloxane (2) ayant 
au moins un atome d'hydrogene li^ au Si par molecule, un polyorganosiloxane de formule g^n^rale 

HdR3-dSiO(SiR20)o(SiRHO)pSiR3-dHd (Vll). 

dans laquelle les radicaux R. identiques ou differents, representent des radicaux hydi-ocarbones 
^ventuellement halog^nes presentant de 1 Si 18 atomes de carbone par radical, 
d est 0 ou 1 , 

O est 0 ou un nombre entier de 1 a 1000 et 
p est 0 ou un nombre entier de 1 ^ 6. 

Utilisation des copolym^res de siloxane presentant des groupes alcenyloxy selon la revendication 1 . 2 
ou 3 dans des compositions r^ticulables par la lumi^re. h base des polyorganosiloxanes mentionnes ci- 
dessus. 

Utilisation des copolymeres de siloxane presentant des groupes alcenyloxy selon la revendication 1 , 2 
ou 3 pour la preparation de revetements reticulables par ta lumliere. 
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Revendlcatlons pour I'Etat contractant sulvant : ES 

1. Proc^d^ de preparation de copolymferes de siloxane p-^sentent des groupes alc^nyloxy. caract6ris6 en 
ce que 

la formule generate : 
Y(OCHR2CR2 = CH2)x . 

dans .aquelle .es symbo.es sont identipues ou diH^rents et d^signent un atome d'hydrogfene ou un 
radical methyle. 

Y?esign'e?n"rac;ia. hydrocarbon, trivalent. t^travalent. pentavalent ou hexavalent ayant de 2 . 20 
" :rp::tretr«tu7pr S g.oupes r^pondant aux .ormules : 



20 



Op3 

o 
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35 



40 



45 



SO 



d'oxygfene, un atome de soufre ou un groups carbonyle. 
ou repr6sente un radical trivalent repondant k la formule : 

•p. bP = 0 ou =SiFP 

.ans .acuene R= designs un radical hydrocarbon, monovalent ayant de 1 . 8 atomes de carbone par 
radical, ou represente un element t^travalent tel que 

I « 

.vec un polyorganosiloxane (2) av-t au moins un ato-^^^^^^^^^^^^ 
presence d'un catalyseur (3) 'avonsant la ftxafcon d^^^ 

aliphatique. le rapport utilis. de la ^^--^^J^^^^S^, teVque I'on obtienne des copolymeres de 

repondant h ia formule : 
OCHR2CR2 = CH2. 

dans laqueile R^ a la signification indiqu^e ci-dessus. puis 

dans une seconde etape : ^,^Ar,wio a «?.ir ratome de carbone voisin de I'atome 

on transpose la double liaison des groupes ^ f J^^^^^ ' 

d-oxygfene de I'.ther par ^hauHage du cop^^^^^^^^^^^^ ^^^^^ ^^^^^^^^ ^ 

dans la premiere . upe en p^^^^^^ ^^^^^^ 3y3nt en 

ryTnn^:; sTdeuxt^prL^^^^^^ B repondant . la .ormule 
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-OCR2 = CR2CH3 . 

R2 ayant la signification indiqu^e ci-dessus. 

Procede selon la revendlcation 1, caracterise en ce qu'on utilise, comnne compost organlque (1), un 
compose de formule 

(RSOCH2)4-kC(CH2 0CH2CH = CH2)k . 

dans laquelle R^ represente un atome d'hydrogene ou un radical de formule 

O 

CH3C- 

et k est en moyenne 2,5 h 3,5. 

Procede selon la revendication 1, caract6ris6 en ce qu'on utilise comme polyorganosiloxane (2) ayant 
au moins un atbme d'hydrogdne \\6 au Si par molecule, un polyorganosiloxane de formule g§n^rale 

HdR3-dSiO(SiR2 0)o(SiRHO)pSIR3-dHd (VII). 

dans laquelle les radicaux R, identiques ou differents, representent des radlcaux hydrocarbon§s 
4ventuellement halogen^s presentant de 1 ^18 atomes de carbone par radical, 
d est 0 ou 1 , 

O est 0 ou un nombre entier de 1 2i 1000 et 
p est 0 ou un nombre entier de 1 & 6. 

Utilisation de copolymferes de siloxane presentant des groupes alcenyloxy et qui peuvent §tre prepares 
selon la revendication 1 . 2 ou 3, dans des compositions r^ticulables par la lumiere, h base des 
poiyorganosiloxanes mentionnds ci-dessus. 

Utilisation des copolymeres de siloxane presentant des groupes alcenyloxy et qui peuvent etre 
prepares selon la revendication 1. 2 ou 3. pour la preparation de revetements reticulables par la 
lumiere. 
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SIIiOXANE COPOLYMERS CONTAINING 
ALKENYIiOXY GROUPS, A PROCESS FOR 
PREPARING THE SAME ANt) THEIR USE 

Abs-fcyacli of -bhe Di sclosyiire 
Novel siloxane copolyiaers containing allcenyloxy 
groups and containing 

(a) siloxane units of the formula 

RaSi(OR^)3p 04,(a-hb) 

" 2"~" (X) 

(b) at least one siloxane unit per molecule of the formula 

QRcSi 04-(c+i) 

■ ^ ■:• ■•■ 

and optionally 

(c) at least one unit per molecule selected from the group . 
comprising units of the formiula 

O4 ( c-H ) R gS 1"<^^S iRc 04 - ( c+ 1 ) • ^^-^-^-^^ : : 

' / . V . ; ' / .'y 

04 - (c+i) R cS^''Q^'-s^c04 - jcHhi) 

. ■ . . 2" . ■ "I ..■ : ■2..>".: '■; 

SiRc04 (c+1) (IV), and 

SiRc04-(c+l) ■ 

' " siRc0 4-(c-n) \^ 

in which R represehts the same or different hydrocarhon 
r^adicals having from 1 to 18. carBori atom (s) per radical; b^^^^ 
haiogenated hydrocarbon radicals having from 1 to 18 carbon 
atom(s) per radical, R^ represents the same or different 



m 



m 
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alJcyl r-acilcals having from 1 to 4 carbon atoin(s) per radical 
and can 33e substituted by an ether oxygen atom, Q represents 
a radical of the formula 

-CH2CHR2cHR2oy (OCR2=CR2cH3 ) x-1 

in wbicli r2 is the same or different and represents a 
hydrogen atom or a methyl radical , 

Y represents trivalent, tetravalent, pentavalent or hexava- 
valent hydrocarbon radical having from 2 to 20 carbon atoms 
per radical, which can be substituted by groups of the 
formula 

- OH, 

- or3^ 

- OSiR43, 

- ocr3 , or 

II 

- X 

or can be interrupted by at least one oxygen atom or sulfur 
atom or one carbonyl group , or Y. represents a trivalent radical 
of the fonaula 

sp, .-'ap^ , or-.ssiRS 
in which R^ is an allcyl radical having from 1 to 6 carbon 
atoin(s} per radical, R^ is a radical selected from the group 
consisting of a methyl, ethyl, isopropyi, tert-butyl and 
phenyl radical, X represents a halogen atom, and is a 
monovalent hydrocarbon radical having from 1 to 8 carbon 
atom(s) per radical, or Y represents a tetravalexit 
element, such as 

■ -C-:. ^--si-^/^andZ-Ti-^v V ■ •• ••■ J 

q1 is a radical of the fomiula 

(OCH2=gr2cH3)x-.2 
-CH2CHR2cHr2o-Y-OCHr2cHR2cH2- ; 
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q2 represents a radical of the formula 

(OCR2=CR2cH3 ) x-3 

I 

-CH2 CHR2 CHR2o-y-OCHR2 cHR2 CH2 " 

OCHR^CHR^CHz- 

q3 represents a radical of the foinnula 

( OCR2«cr2cH3 ) x-4 

-CH2 CHR2cHR2o-y-OCHR2 cHR2cH2 - 

(OCHR2cHR2cH2-") 2 w 

a is 1, 2 or 3, 
b is O, Ir 2 or 3, 

the sum of a + b is not greater than 3 
c is 0,1 or 2 and 
X is 3, 4, 5 or 6. 
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SIIiOXANE COPOLYMERS CONTAINING 
ALKENYliOXY GROUPS, A PROCESS FOR PRBPAKXNG THE SAME 

AND THEIR USE 

Tlie present: Inven-tion rela'tes -to siloxane 
copolymers and more particularly t:o siloxane copolymers 
con-tainlng alkenyloxy groups and t:o a process for preparing 
-the same. Tlie ±nvent:ion fur-bliermore relat:.es t:o -bhe use of 
t:He slloxane copolymers cont:a±h±ng alkenyloxy groups In 
composi-tlons wliicli can be crbsslinkeci by means of llglit:. 

Background of tihe Inventilon 

Organopolyslloxanes wlilch cbntialn a'b leas-t one Si— 
bonded vlnyloxy-f unct:±onal group per* molecule of ttlie formula 

H2C-CH-0-G- 

in wliich G is an alJcylene radical or represents an alkylene 
radical wbicli is int:errupt:ed by a divalent: betero atom or a 
combination of betero atomis, are known from U.S. Patent No. 
4,6X7,238 (publisbed I4tb October 1986, J.V, Crivello et al*. 
General Electric Company) . Compositions wbicb can be cross— 
linJced by means of light and which contain the organopoly- 
slloxanes mientioned. above, and onium^salts which catalyze the 
cationic polymerization of these organopplysilpxahes ;are^ 
described in V*S. Patent No* 4, 6i7,238. 

The reaction of an brgranic compound contaiiiihg; four , 
aliphatic double bonds,, such as, ' for example, tetraallyloxy— .-. 
ethane, with a silane coiitaining. Si-bbnded hydrogen in the 
presence of: a catalyst which promotes the addition of the Si- 
bonded hydrogen atom to ah aliphatic double bbnd is r.descri 
in U.S. Patent No. 4,208,319 (piiblished 18th Ju 

P. August et: al, Wacker-Chemie GmbH):. Yields of ; organosilane 
containing 3 aliphatic double bonds of praLCtically 100% of 
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theory are obtained in this reaction. The organosilanes thus 
obtained are used as reinforcing additives in compositions 
which are based on organic polymers and fillers and can be 
crosslinked by means of sulfur or free radicals. 

It is an object of the present invention to pro- 
vide siloxane copolymers which contain allcenyloxy groups. 
Another object of the present invention is to provide a 
process for preparing siloxane copolymers containing alkeny- 
loxy groups which allows for the introduction of more than 
one alkenyloxy group to a silicon atom. A further object of 
the present invention is to provide siloxane copolymers 
containing alkenyloxy groups which crosslink rapidly in the 
presence of light, especially ultraviolet light, to undergo 
cationic polymerization. 

fiuimmairv of the Invention 

The foregoing objects and others which will become 
apparent from the following description are accomplished in 
accordance with this invention, generally speaking, by 
providing alkenyloxy containing siloxane copolymers having 

(a) siloxane units of the formula 

RaSi. ( OR^ ) - ( a-»-b ) 
2 

in which R represents the same or different hydrocarbon 
radicals having from 1 to 18 carbon atom (s) per radical 
or halogenated hydrocarbon radicals having from 1 to 18 
carbon atom(s) p^r radical , R^ represents the same or 
different alkyl rlqficals which have from 1 to 4 carbon 
atom(s) per radical and can be substituted by an ether 
oxygen atom, a is 0,1, 2 or 3, b is O, 1, 2 or 3 and 
the sum of a+b is not greater than 3, 

(b) at least one siloxane unit per molecule of the formula 

QRcSi 04-(c+l) (II) ; 

in which R is the same as above , c is p , 1 or 2 and Q 
represents a radical of the formula 
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-CH2CHR2chr2oY (OCR2=CR2cH3 ) x-1 

in which is the seme or different and repiresents a 

hydrogen atom or a methyl radical, Y represents a triva— 
lent, tetravalent, pentavalent or hexavalent hydrocarbon 
radical which has from 2 to 20 carbon atoms per radical 
and can be substituted by groups of the fomnula 

- OH, 

-or3, 

- OSiR^g, 

- 0CR3 # 

II 
o 

- X, 

or can be interrupted by at least one oxygen atom or 
sulfur atom or one carbonyl group, or Y represents a 
trivalent radical of the formula . 

sjp^. sp=o or ssiRS 

in which R? represents, an alky 1 radical 'having from 1 to 
6 carbon atom ( s ) per radical , R^ represents a methyl , . 
ethyl, i s ©propyl , tert— butyl or phenyl radical, X 
represents a halogen atom, and R^ represents a monovalent 
hydrocarbon radical having from 1 tip 8 carbon atom (s). 
per radical/ or Y represents a tetra- 

. Vaient. element > such as • 

.■■.■••■■■*■•. I . ■ ■ I ' . • ' * i -•*•••... ■ • 

-C- . ■ , —Si- or ■ — Ti:^ 

■ ':. . ' • '■ . . ' • • 'i:.- . ' * ■ . ■ :*:;■: .. : ■ ■ 

25 and 

X is 3 , 4, 5 or 6, and optionally 
(c) at least one unit per molecule selected . from the group 
. of units of the formula 
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04 - (c+i) RcS i-Q^-S iRc Q4-(c-n) ( ) 



O4 - ( c+ 1 ) i -S iRc Q4-(c-H) 
2~" 1 2 

2 

SiRc Q4-(c+l) 

1 

SxRo 04-(cH-l) 

■■ 2 • 

in whicH R and c are the same as above, represents a 
radical of the f onaula 

(OCR2«CR2cH3) x-2 
-CH2 CHR2 CHR2 O- Y-OCHR2 CHR2 CH2 - 

q2 represents a radical of the formiala 

- (OCR2=Cr2cH3)x-3 

• I • ■ 

-CH2CHR2cHR2o-Y-OCHR2cHr2cH2- ' 
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OCHR^CHR^CHa- 
q3 represents a radical of the formula 
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(OCR2=CR2cH3) x-4 
-CH2CHR2cHR^O-Y-OCHR2cHR2cH2- (x-4>0) 

(OCHR2cHR2cH2-) 2 / 
in wliicli R2/ Y and x are the same as above. 

Descriptiion of t.fie Invention 

The siloxane copolymers containing al3cenyloxy 
groups preferably contain siloxane units of formula (I) , at 
least one siloxane unit per molecule of formula (II) and at 
least one unit per molecule selected from the group 
comprising units of formula (III), (IV) and (V) - 

The invention also relates to a process for pre- 
paring siloxane copolymers containing allcenyloxy groups, 
which comprises, in a 1st stage, reacting an organic compound 
(1) containing more than two aliphatic double bonds, of the 
general formula 

Y (OCHR2cr2=CH2 ) X 
in which R^ , Y and x are the same as above, with an organo.-r 
polysiloxane (2) having at least one Si— bonded hydrogen atom 
per molecule in the presence of a catalyst (3) which promotes 
the addition of Si-bonded hydrogen to an aliphatic double 
bond, the ratio employed for the aliphatic double bond in the 
organic compound (1) to the Si-bonded hydrogen in the organo- 
polysiloxane (i2> being a ratio such that siloxane copolymers 
which contain alJcenyl groups and have an average of more than 
two allcenyl groups A of the formula 

" ■ — OCHR2cr2«CH2- l 
in which R? is the same as above, are obts^ined, and. then, in 

a 2nd stage, transferring the double bond in the Valkenyl 

groups A to the carbon atom adjacent to the ether oxygen atom 

by heating the siloxane copolymer cphtainingalkenyl groups 

obtained in the 1st stage in the presenc'e of a catlyst (4) 

which promotes such a transfer of the double bond,' siloxane 
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copolymers which contain alkenyloxy groups and have an 
average of more than two alkenyloxy groups B of the formula 

-OCR2=CR2cH3 . 
in which r2 is the same as above, are obtaxned. 
5 preferably, x is 3 or 4 and Y is a trivalent or 

tetravalent radical. 

The organopolysiloxanes of this invention con- 
taining alkenyloxy groups preferably have a viscosity of from 
5 to 5xl05 niPa.s at 25-C, and more preferably from 50 to 

10 50,000 mPa.s at 25'C. 

Examples of radicals represented by R are alkyl 
radicals, such as the methyl, ethyl, n-propyl, iso-propyl, 
1-n-butyl, 2-n-butyl, iso-butyl, tert-butyl, n-pentyl, iso- 
pentyl, neo-pentyl and tert-pentyl radical, hexyl radicals, 
such as the n-hexyl radical, heptyl radicals, such as the 
n-heptyl radical, octyl radicals, such as the n-octyl radxcal 
and iso-octyl radicals, such as the 2 , 2 , 4-trimethylpentyl 
radical, nonyl radicals, such as the n-nonyl radical, decyl 
radicals, such as the n-decyl radical, dodecyl radicals, such 
as the n-dodecyl radical, and octadecyl radicals, such as the 
n-octadecyl radical; cycloalkyl radicals, such as cyclo- 
pentyl, cyclohexyl and cycloheptyl radicals and methylcyclo- 
hexyl radicals; aryl radicals, such as the phenyl, naphthyl, 
anthryl and phenanthryl radical; alkaryl radicals , such as 
o- m- and p-tolyl radicals, xylyl radicals and ethylphenyl 
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radicals? and aralkyl radicals/ siacli as tHe benzyl radical 



radicaj-s? cij-«--.^jr- ' ^ ^ , ^ 

and the o- and ^g-phenethyl radical. The methyl radical is an 
example of the preferred radical. ^ ^ „ 

Examples of halogehated radicals represented by R 
are halogenoalkyl radicals, such as the 3 , 3 , 3-trif luoro-n- 
propy 1 radical , the 2 , 2 , 2 , 2 • , 2 • , 2 • -hexaf luoroisopropyl 
radical and the heptaf luoroisopropyl radical, and halogenaryl 
radicals, such as the o-, m- and p-chlorophenyl radical. 

Examples of alkyl radicals represented by are 
35 the methyl, ethyl, n-propyl, iso-propyl, 1-n-butyl,^ 

2-n-butyl, iso-butyl and tert-butyl radical. The methyl and 
ethyl radicals are the preferred radicals. Examples of alkyl 



m 



203S39G 



10 



radicals represented by which are substituted by an ether 

oxygen atom are. the methoxyethyl and ethoxyethyl 
radicals. 

The radical represented by r2 is preferably a 
hydrogen atom. 

Examples of alkyl radicals represented by R^ are 
the methyl, ethyl, n-propyl, Iso-propyl, 1-n-butyl, 2-n- 
butyl, iso— butyl, tert-butyl-, n-pentyl , iso— pentyl , neo— 
pentyl and tert-pentyl radical and hexyl radicals, such as 
the n-hexyl radical . 

Examples of radicals represented by are alkyl 
radicals, such as the methyl, ethyl, n— propyl , iso-propyl, 
1-n— butyl, 2— n-butyl, iso— butyl, tert— butyl , n— pentyl , iso— 
pentyl, neo-pentyl and tert-pentyl radical, hexyl radicals, 
such as the n— hexyl radical, heptyl radicals, such as the 
n— heptyl radical, octyl radicals, such as the n-octyl 
radical, and iso-octyl radicals, such as the 2 , 2 , 4— trimethyl— 
pentyl radical, alkenyl radicals, such as the vinyl and the 
allyl radical; cycloalkyl radicals, such as cyclopentyl, 
cyclohexyl and cycloheptyl radicals and methylcyclohexyl 
radicals; airyl radicals, such as the phenyl radical; alkaryl 
radicals, such as o— , m— and p— tolyl radicals, xylyl radicals 
and ethylphenyl radicals ; and aralkyl radicals, such as the 
benzyl radical and the a— and /9— phenethyl radical. 
25 Preferred siloxane copolymers containing alkenyloxy 

groups are those which contain \ ■ • 

(a) siloxane units of the formula 

R2SiO 
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(b) at least two siloxane units per molecule of the formula 

QR2SiOi/2 (!!•) and 



(c) at least, one unit per molecule of the formula 

Ol/2R2SiQlsiR20x/2 (III') 
in which R, Q and are the same as above. ; 

Exaimples of the; organic compound (1) .which contains 
35 more than two aliphatic ^double bohd^ and is employed in the 
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1st stage of the process of this invention are those of the 
formula 

OCH2CH=CH2 
CH2'=CHCH20-CH-CH2-OCH2CH«CH2 

CH2-OCH2CH'=CH2 
CH3-C-CH2-OCH2CH=CH2 
CH2-OCH2CH=CH2 * 

CH2-OCH2CH=CH2 
I 

CH3 -CH2 -C-CH2 -QCH2 CH=CH2 
CH2 -OCH2 CH=CH2 

CH2-OCH2CH=CH2 
HO-CH2 -C-CH2 -OCH2 CH=^CH2 
CH2 ~OCH2 CH=GH2 

CH2 -OCH2CH==CH2 
CHa-C-0-CH2 -C-CH2-OCH2CH«CH2 

CH2 -OCH2GH=CH2 

CH2-PCH2CH==«CH2 
CH2==CHCH20-CH2--C--CH2--OCH2CH==CH2 

(CH2=CHCH20) 2C»CH(OCH20H- 
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(CH2=CHCH20) 2CHCH2CH (OCH2CH=CH2 ) 2 

CH3C (OCH2CH=CH2 ) 3 

C(OCH2CH=CH2)4 

(CH2=»CHCH20) CH2 [CH (OCH2CH=CH2) ] 3CH2 (OCH2CH=CH2) 
5 (CH2=CHCH20) CH2 [ CH ( OCH2 CH=CH2 ) ] 4CH2 (OCH2CH=CH2) 

S i ( OCH2 CH=CH2 ) 4 
S i [ OCH ( CH3 ) CH=CH2 ] 4 
P(OCH2CH=CH2) 3/ 

0=P{OCH2CH=CH2) 3 and 

XO (r€o-CH2-) 4-}cC(-"CH2-OCH2CH«CH2) 

in wliicJi represents liydrogen or a radical of "tlie formula 
o 

il 

CH3C- an<a k is an average of from 2.5 to 3.5, and more 
preferal^ly al>out: 2.9. The last: men-tioned compound is tlie 
15 preferred example. 

Examples of tilie radi.cal represented by Y are those 
of the formula * 
-CH-CH2- 



CH2- 
CH3-C-CH2- 
CH2- 

CH2- 
CH3-CH2-C-CH2- 
CH2- 

CH2- 

HO-CH2-C-CH2" 
CH2- 
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CH2- 

CH3-C-O-CH2-C-CH2- 
O CH2- 



CH2- 

-CH2-C-CH2- 

I 

15 CH2- 

i 1 
-CH-CH- 

I ) 
-CH-CH2-CH- 



20 



CH3C- 

I » I 
-CH2-CH-CH-CH-CH2 

-CH2-CH-CH-CH-CH-CH2- 
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I 

i 

-Si- 

I 

ep an<a sP=0. 

Processes fox* px-epaz-ln^ oz-^anxc compound (1) are 

described in EP— B 46,731 (published 3rd October 1984, 

F. Lohse et al . , Ciba-Geigy AG). The compound of the 
formula 

{HOCH2) 4-lcC(CH2pCH2CHr=CH2)lc 

in which k. is 2.9, is commercially available, for example 
from Shell AG and is marketed as pentaerythritol triallyl 
ether. The compound of the formula 




in which k is an average of from 2.5 to 3.5, and more 
preferably about 2.9, is obtained by reacting the compound 
mentioned above with acetic anhydride or isoprppenyl 
acetate* . ■ 

. Organosiloxanes (2) haying at least one si-bonded 
hydrogen atom which\are prjeferabiy employed in the 1st stage 
of the process of this iriyentibn. are those of the general 
■■■• f ormula. ■ 

HeRfSi0 4-(e-i-f ) • fVI) 

' : " • ' ■■ 2 . . • -■ .-• ■ ■'■'■['''■' 

in which R is the same as above, e is O or 1> with an 
average of froia 6.005 to 1.0/ f is O, i, 2 oxr 3> with an 
averag<^' 6f from l.O. to 2.0, and the. sum bf -e+f is not greater 
-than- 3-.; • . [ 

Orgahopolysiloxanes (2) having at leaist brie Si- 
bonded hydrogen atom which are pre ferabiy employed in the^ . 
prddess of this ! invention are . those, of the general formula . 
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HcjRa-dSiO (SiRaO) o(SiBHO) pSiR3_dHcl (VH) 

in which R is the same as above, cl is 0 or 1, o is O or an 
integer of from l to 1,000 and p is O or an integer of from 1 

to 6. ^, 
The organopolysiloxanes (2) having at least one Sx- 

bonded hydrogen atom per molecule preferably have a viscosity 
of from 0.5 to 20,000 mPa.s at 25-C, and more preferably from 
5 to 1, OOO mPa.s at 25 'C. 

Examples of organopolysiloxanes (2) are copolymers 
of dimethylhydrogensiloxane and dimethyl siloxane units, 
copolymers of dimethylhydrogensiloxane, dimethyl siloxane and 
methylhydrogensiloxane units, copolymers of trimethylsiloxane 
and methylhydrogensiloxane units, copolymers of trimethyl- 
siloxane, dimethylsiloxane and methylhydrogensiloxane units, 
copolymers of dimethylhydrogensiloxane, dimethylsiloxane and 
phenylmethylsiloxane units, copolymers of dimethylhydrogen- 
siloxane and methylsiloxane lanits and copolymers of dimethyl- 
hydrogensiloxane and phenylsiloxane units, copolymers of 
methylhydrogensiloxane and diphenylsiloxane units, copolymers 
of methylhydrogensiloxane , dimethylsiloxane and Iphenyl siloxane 
units and copolymers of dimethylhydrogensiloxane , dimethyl- 
siloxane and phenylsiloxane units. 

Processes for preparing orgariopolysiloxanes having 
at least one Si-bonded hydrogen atom per molecule, including 
those of the preferred type, are generally Icnoyp. 

ihe organic compound (1) is employed in the process 
of this invention in amounts such that the ratio of the 
aliphatic double bond in the organic cmmpound (X) to the si- 
bonded hydrogen in the organopolysiloxane (2) is preferably 
from 1.5 : 1 to; 20 : 1, and more preferably from 2 : X to 10 
. 1. The organic compound (1) can be combined with the 
organopolysiloxane (2) almost as desired within very wide 
limits, depending on their functionality and their molecular 
weight. However, a C=C : SiH ratio of greater than 2 O : 1 
leads exclusively to monohydrosilylation of the organic 
compound (1) , which is hot preferred. 
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The same catalysts which have been or could have 
been employed to promote the addition of Si-bonded hydrogen 
to an aliphatic double bond can also be used as catalysts (3) 
which promote the addition of Si-bonded hydrogen to an 
aliphatic multiple bond in the 1st stage of the process of 
this invention. The catalysts (3) are preferably a metal 
from the group of platinum metals or a compound or a complex 
from the group of platinum metals* Examples of such 
catalysts are metallic and finely divided platinvim, which can 
be supported on inert carriers, such as silicon dioxide, 
aluminum oxide—or active charcoal , and compounds or complexes 
of platinum, such as platinum halides, for example PtCl4, 
H2PtCl5 6H2O, Na2PtCl4 4H2O, plat inum-olef in complexes, 
platinum— alcohol complexes , platinum— alcoholate complexes, 
platinum— etlier complexes, platinum— aldehyde complexes,, 
platinum-ketone complexes, including reaction products of 
H2PtCl5 6H2O and cyclohexanone , pi at inum- vinyls iloxane 
complexes, such as platinum-1 , 3-divinyl-l , 1 , 3 , 3-tetramethyl- 
disiloxane complexes which contain or are free of detectable 
inorganically bonded halogen, bis- (gamma— picoline) —platintim 
dichloride, trimethylenedipyridineplatinum dichloride,^ 
dicyclopentadieneplatinum dichloride, dimethylsulf oxide- 
ethyl enepl at inum (II) dichloride and reaction products* of 
platinum tetrachloride with, an olefin and primary amine or 
secondary amine or a primary and secondary amine according to 
y .S . ' Patent No. 4,292 ,434 , s.uch . as^th'e^reaction product of 
platinumtetrachloride dissolved in 1-pctene with sec— butyla— 
mine , or ammonium— platinum complexes according: to EP— B 
110,370. 

Catalyst (3) is preferably employed in amounts of 
from 0.5 to 1,000 ppm by weight (parts by weight per million 
parts by weight) , calculated as elemental platinum and based 
on the total weight of the organic compound (1) and organo— 
polysiloxahe (2) . 

The addition reaction (or hydrosilylation 
reaction) in the 1st stage of the process of. this invention 
is preferably carried out tinder the pressure, of; the' 



2035398 



14 



surarounciing atmosphere, that is, at about 1020 hPa 
(absolute) , but it can also be carrieca out under higher or 
lower pressures. The hydrosilylation is preferably carried 
out at a temperature of from 50 *C to 150*C, and more pre- 
5 ferably from 80'C to 130*C. 

Inert organic solvents can also be used in the 1st 
stage of the process of this invention, although the 
additional use of inert organic solvents is not preferred. 
Examples of inert organic solvents are toluene, xylene, 
10 octane isomers, butyl acetate, 1, 2 -dime thoxy ethane, 
tetrahydrofuran and cyclohexane. 

Excess organic compound (1) and the inert organic 
solvent, if used, are preferably removed by distillation from 
the siloxane copolymer which contains alkenyl groups and has 
3^5 been prepared in the 1st stage of the process of this 

invention. 

The siloxane copolymers which contain alkenyl 
groups and have been obtained in the 1st stage of the process 
of this invention are described in our patent application 

20 filed on the same date. 

Xn the 2nd stage of the process of this invention, 
the double bond in the alkenyl groups A of the formula 

-OCHR2cr2 = CH2 
is shifted to the carbon atom adjacent to the ether oxygen 

25 atom in the presence of catalysts (4) which promote this 
double bond transfer. 

The same catalysts (4) which have been or could 
have been used for promoting such a shift of the double bond 
can be employed in the 2nd stage of the pirocess of this 

30 invention* Examples of catalysts (4) are metallic or finely 
divided platinum, ruthenium, rhodium and palladium, which may 
be supported on inert carriers, such as active charcoal, and 
compounds or complexes of these elements which are soluble in 
the siloxane copolymers which contain alkenyl groups and have 

33 been obtained in the 1st stage of the process of this 

invention or which are fixed on supports, such as active 
charcoal or polymeric phosphine ligands. Examples of 
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preferred catalysts (4) are those of the formula 

RUCI2 (PPh3)3, RuHCl(PPh3)3, RUHCI(CO) (PPh3)3, 
RUH2 (CO) (PPh3 ) 3 and RUH2 (PPh3 ) 4 . 

The catalyst (4) is preferably employed in amounts 
of from 0*1 to 1^000 ppm by weight, and more preferably from 
5 to 100 ppm by weight, calculated as the elemental metal and 
based on the total weight of the organic compound (1) and. 
organopolysiloxane (2) • 

Strong bases, such as potassium tert -butyl ate, can 
also be used as catalysts (4), but these are not preferred 
because of the high amounts used. The shift of double bonds 
using these strong bases is described- in C*c, Price, JACS 
83., 1772 (1961) and G. Kesslin, J. Org, Chem. 2X, 2682 
(1966) • 

To shift the double bond to the carbon atom 
adjacent to the ether oxygen atom in the al3cenyl groups 
the siloxane copolymer which contains allcenyl groups and has 
been obtained from the ist stage of the process of this 
invention is mixed with the catalyst (4) and the mixture is 
heated. The reaction is preferably carried out at a 
temperature of from 80 to 200*C and more preferably from 
120*C to 150 'C, preferably under th^ pressure of the ^ 
surrounding atmosphere , that is, at about 1020 hPa 
(absolute) and preferably over a period . of from 0 . 5 to 20 
hours, and more preferably from 4 . to . 10 hoiurs. Preferably, 
no solvent is used. * . 

If the organic compoundi (1) is not .removed -by - 
distillation in the 1st stage of the process of this 
invention, the alkenyl groups. A . in the .organic compound (l) 
are also rearranged into al3cenyloxy groups B. .The 
rearranged organic compound (1) can be removed by 
distillation from the siloxlane copolymers which contain 
alkenyl oxy groups and have been prepared in the 2nd stage of 
the process of this inyehtion.: If it is not removed, it is 
capable of undergoing cationic polyiner^ or copply-^ 
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meriza-tion with the alJeenyloxy groups of the siloxane 
copolymer because of its content of alkenyloxy groups B. 

The siloxane copolymer which contains alkenyloxy 
groups and is obtained in the 2nd stage of the process of 
this invention is a cis/trans isomer mixture in respect to 
^ the alkenyloxy groups, the cis isomers usually predominating. 
For example, if the alkenyloxy group is a 1-propenyloxypropyl 
radical, the following Isomeric mixture is present: 
-(CH 2)3-0^ CH3 -(CH2)3-0 H 

10 . f \ . --- - -/- \ - - 

H H ^ *-^^3 

cis- trans- 
The 2 -stage process of this invention proceeds xn 
accordance with the following ecjuation, shown by. way of 
example by the use of pent a ery thritol -trial lyl ether-acetate 
as the organic compound (1) and an a,w-dihydrogendimethyl- 
polysiloxane as the organopolysiloxane (2) : 

Pt Cat. 



-> 



CH3C02CH2C(CH20CH2CH=CH2 )3 + H (SiMe20) SQSiMeaH- 

20 (CH20CH2CH«CH2)2 

CH3C02CH2CCH20(CH2) 3 <SiMe20) soSiMez (CH2 ) 3OCH2 T 

CHaCOaCHgCCHaOCHgCH^CHg ~> 

P Cat 



CH3C02CH2<?CH20(CH2) 3 (SiMe20) 5oSiMe2 (eH2 ) 3OCH2 
(CH26CH2CH==CH2) 2 

25 (CH20CH=CHCH3) 2 

CH3CO2CH2CCH2O {CH2) 3 (SiMe20) 5oSiMe2 (CH2) 3OCH2 

CH3 Cd2 CH2 CCH20CH«CHCH3 

CH3C02CH2CCH20(CH2) 3 (SiMe20) 5bSiJle2 (CH2 ) 3f0^2 



( CH20CH«CHCH3 ) 2 

The course of the reaction and therefore the; 
resulting end product is totally dependent on the ratio of 
C=C double bond in the organic compound (i) to Si -bonded 
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hydrogen in the organopolysiloxane (2) which is employed in 
-bhe Is-b s-bage. Depending on the r-atio o£ C=:C:SiH employed, 
it is always necessary for* the ratio of C— C:SiH to be greater 
than 1, siloxane copolymers are obtained which contain free 
alkenyl groups A of the formula 

-OCHR2cr2=cH2 , such as -0CH2CH=CH2 

at the chain end and along the chain, it being possible for 
branching to occur along the chain by further reaction of the 
free alkenyl groups along the chain with the Si-bonded 
hydrogen' atoms' of the drganppblysiioxane (2 )T In the * 2nd 
stage, the double bond in the free alkenyl groups A Is then 
shifted and free alkenyloxy groups B of the formula 

-OCR2asCR2cH3 , such as -OCH«CHCH3 
are obtained. The allyloxy groups , -OCH2CH=CH2r have 
already been rearranged into propenyloxy groups, — OCH=CHCH3 , 
to a small degree (up to 15 mol %) in the 1st stage in the 
presence of the platinum catalysts, so that In the 2nd stage 
an equilibrium is established between allyloxy and propeny- 
loxy groups, in that the ratio of allyloxy groups to propeny- 
loxy groups is usually 4:96, that is, a conversion of about 
96% is achieved in respect of the propenyloxy groups. 

The various stages of the process of this invention 
can be carried out in one and the same reaction vessel in 
"^success i on ~or in "reaction vessiels which are~ separate from" 
each other. They are preferably carried out in one and the 
same reaction vessel in succession* The process of this 
invention can be carried out batchwise, ; semi— continuously or 
continuously. 

The siloxane copolymers of this invention 
containing alkenyloxy groups can be crosslinked In a cationic 
polymerization . initiated by .light. The. bis— (dodecylphenyl) — 
iodonium salts described in U.S. Patent No. 4,279,717 
(published 21st July 1981, Eckberg et al.. General Electric 
Company), isuch as bis- (dodiecyl phenyl ) iodbniixm 
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30 



35 



hexaf luoroantimonate or bis- (dodecylphenyl ) iodonium 

hexaf luoroarsexiate, can be used, for example^ as catalysts 

for the crossl inking initiated by light. 

The invention therefore relates to the use of 
siloxane copolymers which contain alkenyloxy groups and 
preferably contain units of the formula (I) , (II) and if 
appropriate at least one of the \inits of the formula (III) # 
(IV), or (V) , preferably units of the formula (I*), (II*) and 
(III*)f compositions which are based on the siloxane 
copolymers mentioned above and can be crosslinked by light. 

The siloxane copolyiiiers of this invention 
containing alkenyloxy groups are preferably crosslinked by 
untraviolet light, that having wavelengths in the range of 
from 2 00 to 400 nm being preferred. The ultraviolet light 
can be generated, for example, in xenon lamps or low 
pressure, medium pressure or high pressure mercury lamps. 
Light having a wavelength of 4 00 to 600 nm, that is to say 
so-called "halogen light", is also suitable for the 
crosslinking by means of light. The siloxane copolymers of 
this invention containing alkenyloxy groups can be 
crosslinked by light in the visible range if commercially 
available photosensitizers are used. 

The cationic polymerization of the siloxane 
copolymers of this invention containing alkenyloxy groups can 
of course also be initiated by Bronsted or Lewis acids. 

The invention also relates to the use of the 
siloxane copolymers of this invention containing alkenyloxy 
groups for the preparation of coatings which CJan be 
crosslinked by light. 

Examples of surfaces to which the coatings of this 
invention can be applied are those of paper, wood, cork, 
plastic films, for example polyethylene films or 
polypropylene films, ceramic objects, glass, including glass 
fibers, metals, paperboard, including that of asbestos, and 
woven and nohwoven clpth of natural o|r synthetic organic 
-fibers. ■ ■ 
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Tlie applicatiion of 1:he siloxane copolymers of -tills 
invention con-taining alJcenyloxy groups to tJie surfaces to be 
coated can be carried out in any desired manner which is 
suitable and in many cases }cnown for the production of 
5 coatings from liquid substances, for example by dipping, 

brushing, pouring, spraying, rolling on, printing, for 
example by means of an offset gravure transfer device, and 
knife or doctor-blade coating. 
Example 1: 

10 About 89 g of 1, 1, 2 r 2— tetraallyloxyethane are mixed with 

, v..>^5.. 4,. mg_ of platinum ^as .a_^ platinum 

tetrachloride in 1— octene and the mixture is heated to 
110 'C. About 581 g of an a, w-dihydrogendimethylpoly— 
siloxane which contains 250 mg of Si— bonded hydrogen are 

X5 added dropwise to this mixture at 110 *C under a nitrogen 

atmosphere, with stirring. After the mixture has been 
stirred at 110 •C for about 3 hours, 98% of the Si-bonded 
hydrogen atoms of the a, w-dihydrogendimethyl— 
polysiloxane have reacted. All the volatile 

20 constituents are then removed by distillation at 120 *c 

under 10"*^ hPa. About llO mg of RuIiCl (Ph3P) 3 are .then 
added to the reaction product at l'30*C under 102 O hPa 
(absolute) under a nitrogen atmosphere and the mixture 
is stirred at 130 'C for 16 hours. A clear yellow liquid 

25 having a viscosity of about llOO mPa.s at 25 'C is 

obtained* The siloxane copolymer thus obtained 
essentially contains, in addition to dimethyls iloxane 
units , siloxane units of the f oirmula 
OCH=CHCH3 

30 {CH3CH=CSHO)2CHCHO(CH2)3Si03/2 

and bridged units of the formula 

CH3CH=CHO OCH=CHCH3 

O ( CH3 ) 2S 1 ( CH2 ) 30CHCH<=> ( CH2 ) 3Si ( CH3 ) 2O , 

the ratio of cis isomer to trans isomer in the 1— 
35 . prbpehylpxy groups, CH3CH— CHO— , being 70 s 30 accord.ing 
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to the ^H-NMR spectrum. The siloxane copolymer 
containing 1-propenyloxy groups has an equivalent weight 
of about 13 OO g per mol of C=C double bond. 
Example 2 : 

5 About 114.4 g of trimethyolpropane-allyl ether (prepared 

in accordance with EP-B 4 6,731) having an iodine number 
(number which specifies how many g of iodine are bonded 
by lOO g of substance) of 266 are mixed with 3.8 mg of 
platinum in the form of a solution of platinum 

-LQ tetrachloride in 1-octene and the mixture is heated to 

105'C. About 273 g of an a , w-dihydrogendimethylpoly- 
siloxane which contains. 0.6 g of Si-bonded hydrogen are 
added dropwise to this mixture at 105 **C under a nitrogen 
atmosphere, while stirring. After the mixture has been 

^5 stirred at 105*C for about 4 hours, 99% of the Si-bonded 

hydrogen atoms of the a, w-dihydrogenmethylpolysiloxane 
have reacted. All the volatile constituents are then 
removed by distillation at 120 under 10"^ hPa. About 
2 00 ppm by weight of RviHCl (Ph3P) 3 are then added to the 

2Q reaction product at 130 'C under 1020 hPa (abisolute) 

under a nitrogen atmosphere and the mixture is stirred 
at 130*C for 8 hours. About 315 g of a clear, almost 
colorless oil having a viscosity of 380 jsasfix s"^ at 25 •C 
are obtained- The siloxane copolymer containing 1- 

25 propenyloxy groups, which is obtained in this manner, 

has an equivalent weight of about 900 g per mol of C=C 
double bond. 
Example 3 : 

About 48 g of pentaerythritol-triallyl ether having an 
2Q iodine number of 281 (commercially obtainable from 

Shell) are mixed with 2.2 rog of platinum as a solution 
of platiniam tetrachloride in 1-octene and thie mixture is 
heated to 105'C. About 435 g of an a, w-diiiydrogendi- 
methylpolysiloxahe which contains 0.04 6% by weight of 
25 si-bonded hydrogen are added dropwise to this mixture at 

lOS'C tinder, a nitrogen atmosphere, with stiarring . After 
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"bhe mlxtiuz-e has been stilzrired at: X05*C for- abou-t 8 
houx-s, 98% of the Si-bonded hydrogen atioins of the 
a , w— dihydr-ogendimethylpolysiloxane have ireactied. A3.X 
the volatile constituents are then removed by 
distillation at 120 under 10-3 hPa. After filtration, 
76 mg of RuHCl(Ph3P)3 are then added to the reaction 
product at 130 "C under 1020 hPa (absolute) under a 
nitrogen atmosphere and the mixture is stirred at 130 'C 
for 8 hours. A siloxane copolymer is obtained which 
contains l-propenylioxy groups_and_has a viscosity of 
1190 mm^x s^^, contains one 1-propenyloxy group per 32 
silicon atoms and has an equivalent weight of about 24 00 
g per mol of 0=0 double bond. The ratio of cis isomer 
to trans isomer in the X--*propenyloxy groups is 7 0 : 30. 
The following data are obtained from the ^H— NMR 
spectrum: 

spectxrvim (CDCI3) : 

trans isomer: S = 4.78 ppm (IH, CH3CII=?) , 

(30 mol %) 6-22\.ppm (IH, « CH-O-?-) . 

cis isomer : . 6 = 4.37 ppm (XH, CH^^CQ,^) , 

(70 mol %) 5,95 ppm (IH, «OH-d-) . 

Example 4; 

About 2 g of a 50% solution of bis* (dpdecylphenyl) - 
iodonium-hexaf luorantimonate which has been prepared 
according to U.S. Patent No. 4,279,717 in propylene 
carbonate are added to lOO g of the siloxane copolymer 
prepared in Example' 3 • The miixture is applied at a 
thickness of 3 fx, using a glass rod, to paper coated 
with polyethylene. Two medium pressure mercury lamps 
having an output of 8 0 watt/ cm luminous length are 
positioned at a distance of 10 cm from the coated 
substrate * After trv exposure for less than two seconds, 
a non-tacky coating is obtained which is adhesive- 
repellent with respect to paper labels. coated with 
acryiate adhesive. . 



• 



THE EMBODXMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE 
PROPERTY OR PRIVII^EGE IS CIAIMED ARE DEFINED AS FOU^WSs 



1. A slloxane copolymer whicli contains alkenyloxy 
groups and contains 

(a) siloxane units of thie formula 

Ra S i ( OR^ ) b Q4 - ( a+b ) 
2 

in which R is selected froin l:he 'group consisting of 
hydrocarbon radicals having from 1 to 18 carbon atoia(s) 
per radical and halogenated hydrocarbon radicals having 
from 1 to 18 carbon atom(s) per radical. 

R^ is a radical selecte<a from the group consisting of 
al3cyl radicals having from 1 to 4 carbon atom(s) per 
radical which can be siobstituted by an ether oxygen 
atom , 

a is 0 , 1 , 2 or 3 , 

b is O, 1, 2 or 3 and 

the sum of a-hb is not greater than 3 , 

(b) at least one siloxane unit per molecule of the formula 

QRcSi 04,.(c^.i) (II) 
2 

in which R is the same as above 
c is O, 1 or 2 and 

Q represents a radical of the formula 

-CH2CHR2cHR2oY (OCR2«CR2cH3 ) x-1 

in which R^ is a radical selected from the group 

consisting of a hydrogen atom or a methyl radical, 

Y is a trivalent, tetiravalent, pentavalent or hexavalent 

hydrocarbon radical having from 2 to 20 carbon atoms per 

radical which can be substituted with a group from the 

formula 
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- OH, 

- or3, 

- OCR? , or 

II 

o 

- X, 

02r can be In-berrup-bed by a't least: one oxygen a'tom or 
sulfur aiiom or one carbonyl group, or Y represen-ts a 
trlvalen-t radical of. the forzaula 

aP, sp=0 or sSiJRS 
in wbich is an .alkyl radical, having from 1 to 6 
carbon atoxn(s) per radical, R^ is a radical selected 
from the group consisting of a methyl, ethyl, isppropyl , 
tert-butyl and phenyl radical, X is a halogen atom and R* 
is a monovalent hydrocarbon radical having foinn 1 to 8 
carbon atoms (s) E>er radical or Y represents a tetravalent 
element selected from the group consisting of. 



i- ■■ ■ ;i ■■ • • • 

-C— ; -si- or. — Ti-, 

.. I ■ . . ■ ■».. . ■ . ■ I . .•• • \- ■■ . 

and X isi 3 , 4 , 5 or 6 ; and opjtiohaily . • 
at least one unit per molecule selected frbm the groujp 
consisting of units of the formula 

04- (c+l)R cgi"Q^-SiRe 04- (cH-i:) (III), 



Q4-(c4-l)R cS i -q2 -S iRo04-Xb+ i ) 
2 I ^ 2 



SiRc04»(c+i) (IV) , and 
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SiRc0 4-(c-M) 
I 

O4 -(c+i)RcS i -q3 -S iRcO A-Cc-H) 

SiRc 04-(C'H) 
2 

in wliich R and c are the same as above, 
q1 represents a radical of tlie formula 

(OCR2=CR2cH3 ) x-2 

-CH2 CHR2 CHR2o- Y-OCHR2cHR2 CH2 - 

q2 r-epresents a radical of the formula 

(OCR2=CR2cH3 ) x-3 

-CH 2 CHR2 CHR2 O- y -0CHR2 CHR2 CH2 - ^nd 
OCHR^CHR^CHg- 
q3 r-epresents a radical of the formula 

(OCR2=CR2cH3 ) x-4 

-CH2CHR^CHR2b-Y-OCHR2cHR2cH2- (x-4^0) 

(OCHR2cHR2cH2-) 2 ' 
in which R:2 ^ y and x are the same as ahove. 

2* The siloxane copolym.er contaiining alkenyloxy 
groups of claim 1, which contains siloxane units of formula 
(I) , at least one siloxane unit per molecule of for:mula (II) 
and at least one unit per molecule selected from the group 
consisting of units of formulais (III), (IV) and (V) • 

3 . The siloxane copolymer containing allcenyloxy 
groups of claim 1 which contains (a) siloxane units represented 
by the formula 

RsSio . (I ' ) • 

(b) at least two siloxane units per molecule represented 
by the formiala : 

QRaSiO^/z (II' ) and 

(c) at least one siloxane lanit per molecule represented 
by the formula / 

Or^n^SLQ^SiJi^O^y^ (III*) 
in which R is selected from the group consisting of 

hydro- ' . . " — . • ".. ~ '■ ' ~: ~T~ ' ~ . 
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carbon radicals having from 1 to 18 carbon atom(s) per 
radical, and halogenated hydrocarbon radicals having from 1 
to 18 carbon atom(s) per radical^ 
Q is a radical of the formula 

-CH2-CHR2chr2oy (OCR^^CR^CHs ) x-X 
q1 is a radical of the formula 

COCR^=CR^CH3)^.2 
-CH2CHR2cHR2o-Y- OCHR^CHR^CHg- 
r2 is a radical selected from the group consisting of a 
hydrogen atom and a methyl radical, 
X is 3, 4, 5 or 6 and ....... 

Y is a trivalent, tetravalent, pentavalent or hexavalent 
hydrocarbon radical having from 2 to 2 0 carbon atoms per 
radical , which can be siibstituted by groups of the formula 

- OH, , 

- 0R3, 

- OSiR^a, 

- ocr3, or 
It 
o 

•■ - X 

or can be interrupted by at least one oxygen atom or sulfur 
atom or one carbonyl group, or Y represents a trivalent 
radical of the iformula 

sp, sp=o or ssIrS 
in which R^ is an allcyl radical having from 1 to 6 carbon 
atbm(s} per radical, R^' is a- radical ^selected from the 
group consisting of a methyl, ethyl, is opr opy 1, tert -butyl 
and phenyl radical, X Is a halogen atom, and R^ is a monovalent 
hydrocarbon radical having from 1 to 8 carbon .atozn( s ) per 
radical, or Y represents, a tetrieivalent eleniient selected from the 
group conslstxng of- . ; 

. -C-;. -Si- .- and -Ti-.' 

• I ■ :• . ■ ' . ■ ,1 • • . ^ ." • ■ ' ■ ■■ 

4. .The. slloxane copolymer containing jS^lXehyloxy - 
groups of claim 2 which contains (a) slloxane units represented: 
.by the . formula * 
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R2SiO (I ' ) / 

(b) at least two siloxane units per molecule of formula 

(II) represented by the formula 

QR2SiOi/2 (XI M and 

(c) at least one siloxane unit per molecule of formula 

(III) represented by the formula 

Ol/2l^2SiQ^SiR20i/2 * ) 

in which R is selected from the group consisting of hydro- 
carbon i-aaicals having from 1 to 18 carbon atom(s) per 
radical, and halogenated bydirocarbon radicals having from 1 
to 18 carbon atom(s) per radical, _ 
Q is a radical of the formula 

-CH2-CHR2cHR2oY (OCr2=CR2cH3 ) x-1 
q1 is a radical of the formula 

( 0CHR^«CR^CH3 ) X.2 



a 



-CH2 CHR2 CHR2 o- Y-OCHR^CHR^CH^- 
r2 is a radical selected from the group consisting of 
hydrogen atom and a methyl radical, 
X is 3, 4, 5 or 6 and 

Y is a trivalent, tetravalent, pentavalent or hexavalent 
hydrocarbon radical having from 2 to 2 0 carbon atoms per 
radical, which can be substituted by groups of the formula 

- OH, 

- or3, 

- osiR'^a, 

- ocR^ , or • • . 



o 



- X 

or can be interrupted by at least one oxygen atom or su3.fur 
atom or one carbonyl group, or Y represents a trivalent radical 
of the formula 

sp, sp=o or ssiR? 
in which r3 is an alkyl radical liaving from 1 to 6 carbon 
atom(s) per radical, r4 is a radical selected from the group 
consisting of a methyl , ethyl , isbpropyl , ter^-butyl and 
phenyl radical, x is a halogen atbih^ and is a monovalent 
hydrocarbon radical having ~ — ^^-^ — -' ' . . . " ~'- : : '. ~ 



27 

from 1 to 8 carbon atom(s) per radical, or Y represents a 
tetravalent element selected from the group consisting of 
-C- , -Si- and -Ti-, 

i I I 

5. A process for preparing a siloxane copolymer 
containing alkenyloxy groups of claim X, which comprises 
in a first stage reacting an organic compound (1) 
containing more than two aliphatic double bonds, of the 
general formula 

Y ( OCHR2 CR2==CH2 ) x 
k2 is a radical selected from the group consisting of a 
hydrogen atom and a methyl radical, 

- .x-is -3v - 4/ 5 or- 6 and — - — - " " . , - - - 

Y is a trivalent, tetravalent, pentavalent or hexavalent 
hydrocarbon radical having from 2 to 20 carbon atoms per 
radical , which can be substituted by groups of the formula 

- OH, 

- Or3, 

- OSiR^3, 

- ocr3 , or 

II 
o 

- X 

or can be interrupted by at: least one oxygen atom or sulfur 
atom or one carbonyl group, or Y represents a trivalent radical 
of the formula 

sp, sip^O or eSiRS 
in which is an al3cyl radical having from 1 to 6 carbon 
atom(s) per radical, R^ is a radical selected from the group 
consisting of a methyl, ethyl, isoprbpyl, tert-butyl and 
phenyl radical, X is a halogen atom, and R^ is a. 
monov^^l^nt hydrocarbon radical having from 1 to 8 carbon 
atom(s) per radical, or Y represents a tetravalent 
element selected from the group consisting oif the elements 

-C— , . —si- and -Ti— . 

I.I' 

with an organopolysiloxane (2) haying at least one Si-bonded 
hydrogen, atom per molecule in the presence of a catalyst (3) 
which promotes the addition of Si— bonded hydrogen to an 
aliphatic double bond, in which the ratio of the aliphatic 
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double bond in tbe organic compound (1) to tbe Si-bonded 
hydrogen in the organopolysiloxane (2) is such that siloxane 
copolymers are obtained which contain alXenyl groups and have 
an average of more than two alkenyl groups A of the formula 

-0CHR2 cr2=!CH2 

in which is the same as above, and in a 2nd stage, shifting 
the double bond in the alkenyl groups A to the carbon atom 
adjacent to the either oxygen atom by heating the siloxane 
copolymer containing alkenyl groups obtained in the 1st stage 
in the presence of a catalyst (4) which promotes a shift of 
the doiable bond, in which siloxane copolymers are obtained 
which contain alkenyloxy groups and have an average of more 
than two alkenyloxy groups B of the formula 

-OCR2=CR2cH3 ^ 
in which is the same as above, 

6. The process of claim 5, wherein the organic 
compound (1) has the formula 

(R6OCH2) 4-kC(CH20CH2CH«CH2)k:/ 
in which R* is selected from the group consisting of a 
radical of the formula 

CH3C- 

and k is an average of from 2.5 to 3.5. 

7. The process of claim 5, wherein the 
organopolysiloxane (2) having at least one Si-bonded hydrogen 
atom per molecule has the general formula 

H<aR3-dSiO{SiR20)o(SiRHO)pSiR3^<aHca (VII) 
in which R is a radical selected from the group consisting of 
hydrocarbon radicals having from 1 to XS carbon atpm(s) per 
radical and halogenated hydrocarbon radicals having from 1 to 
18 carbon atom(s) per radical/ d is 0 or 1, o is O or an 
integer ,ot from 1 to 1000 and p is O or an integer of from 1 
to 6, ■ 

8. A coimpositlon which can be crbssllnked by 
means of light which Is obtained by using the siloxane 
copolymer contaihlhg alkenyloxy groups of . claini: 1. 
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9. A coating which may be obtained by applying 
a composition which contains the siloxane copolymer 
containing alkenyloxy groups of claim 1 to a substrate 
and thereafter the coated substrate is exposed to light. 



PAGE BLANK 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 



□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 



LrXINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 



□ 



IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 




THIS PAQE BLANK (usno) 



